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: | * Gediestiag chis work to your ener | 
4 Hrountss, Iexpreſs my own earneſt with, _ 
and that of many others, that to your other 
excellent qualities your Royar Hicunegss 
may add a difpofition' to patronize a branch 
of ſcience, in the extenfion of 'which the 
natives of Great Britain have ever borne a 
_ diſtinguiſhed part, and which has for its 
object the benefit of all mankind. W 


| — our_-knowledge--of 

nature, and by this alone, that we acquire 

the great art of commanding it, of availing 

ourſelves of its powers, and applying them - 

to our own purpoſes; true ſtience being the 
K's 7 only = 
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only foundation of all thoſe arts of life, 
whether relating to peace or war, which diſ- 
tinguiſh/ civilized nations from thoſe which 
we term barbarous; a diſtintion not leſs 
conſpicuous than that between ſome nations 
of men and ſome ſpecies of Bruten. And 


that branch of this great ſcience to which 


the ſubje& of this work relates, viz. chemiſ- 
try, is perhaps of more various and exten- 
ſive uſe, than any other part of natural 
knowledge; and by the application that is 
now given to it, it is continually growing 


in relative magnitude and importance. 


In the age of Newton chemiſtry was but 


little cultivated ; and its value not being 


generally known, it was not regularly taught 


in places of liberal education, in which na- 
tural philoſe opby was always more or leſs at- 


| tended to; whereas at preſent every thing 
that is not deriominated chemiſtry is bat a 
ſmall part of a ſyſtem of natural knoxwledge. 
It is no leſs remarkable that the doctrine of 
air, of which little or nothing was known 


in the time of Newton, and which a few 
f years 


* 
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years ago was hardly mentioned in the writ- 
ings of chemiſts, now makes a very con- 
ſiderable figure in the maſs of chemical 
knowledge, and throws the Ar "ght | 
on 225 moſt important paves dy 

Tei is, 3 Heath to be wiſhed, 
that this branch of natural feience ſhould 
be aſſiduouſly cultivated ; and the patronage. 
of Princes may be eminently uſeful to this 
end, by diffuſing a taſte for it among thoſe 
whoſe opulence will enable _ to pro- 
ny it to the moſt e 


11 iö true that we are indebted to the 
poverty of - many. perſons for ſome. of the 
moſt ſimple and effectual modes of operat - 
ing in chemiſtry ; neceſſity having in this, 


as well as in many other caſes, been the | 


happy mother of invention. But in ſome 
caſes it is well known that the moſt pro- 
miſing projects have become abortive for 
want of the means that were neceſſary to 
carry them into execution. For in this 
Oy mere ob/erVation and refleFion will 

A 4 ps not 
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not carry a man far. He will frequently 

have occaſion to put the ſubſtances: which 

he. examines into various new ſituations, 

and . obſerve the reſult of circumſtances, 

which, without expence, as well as labour, 
2 he can | have no . of knowing.” 


Eldon it is that the 3 and happieſt 
effects may be expected from the patronage - 
of ſcience by perſons of your RoYAL Hicns 
NEss's rank and expectations, whoſe wiſhes 
and inclinations are often alone ſufficient to 
give a turn to the taſte and purſuits of the 
rich and great. And hitherto almoſt every 
country in Europe can boaſt of more per- 
ſons among their nobility, and men of for- 
tune, who are devoted to ſcientifical pur- 
ſuits, than Great * 34015 a 


It will perhaps be "ry that men * f high 
rank and fortune in this country are occu- 
pied about the greater objects of civil policy, 
and attending to the intereſts and liberties of 
the nation. But admitting this to be the 
caſe oF all, which is evidently that of a 
5 | ſmall 


” 
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ſmall number only, no one object whollyß 


engages the attention of any man. All men 
have their p/ea/ures as well as theit bufineſe 3 
nor is it defirable that any one object ſhould 


ſo much ingroſs any perſon; as that he ſhould 


give no degree of attention to any other; 


and no purſuit can have a juſter claim to 
the leifure hours of men of rank and for- 


tune than that of natural ſcience; face, 
independently of any views of ee 
ean nn more regional I 

ur 


£# 5 * 28 E 


22 e 


/Permit we; ins i are Wen in the 


quiet purſuits of philofophy, to flatter our- 
ſelves that they will have the additional re- 


commendation of fo effectual a patronage 


as that of your Rovar Higuness; and l am 
perſuaded that your Roy A Hiountss does 
not need to be reminded, that the greateſt 
princes have been the protectors of ſcience 


and of letters, and that they have ever en- 
fidered this Penn as en N n on 
their crowns.” 5 £ Et Ss 
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In ſome countries the ſciences: deem to 
require the ſupport of princes, or of the 
community, by | penſions and eſtabliſh- 
ments. In ours theſe aids are unneceſſary, 
Our Royal Society, which gives none but 
| honorary rewards, is all that is wanted in 
the way of efabliſhment ; and it has been, 
and is, eminently uſeful. - In this country 
patronage is not wanted for thoſe who cul- 
tivate the ſciences, but rather for the ſci- 
ences themſelves; to give them their due 
value and conſideration, to apply the in- 
| fluence which the great poſſeſs over the 
minds and opinions of men, in directing 

their taſtes to uſeful purſuits, and thus to 
incite a ſufficient number of able inquirers 
to explore the hidden powers which as 
Deity has impreſſed on matte. 


.. Conſidering your lA e as 
deſtined to be the future ſovereign of this 
country, I cannot wiſh you greater glory or 
happineſs, than that you ſhould conſider it 
as r not in the extent, but in the 


ouriſo- 


mY 


rbrekrie . 
ur bing fate, of 1 your dominions, to which 


ſeience, manufactures, and commerce (each the 
true ſource of the other) will moſt eminent- 
ly contribute; and that you ſhould not be 
dazzled; by the flattering, but often fatal, 

idea of extending what is called the royal 
prerogative ; but rather ſtudy to give your 
ſubjects every power which they can exer- 
ciſe for their on advantage. And what 
ever flatterers may ſuggeſt, the people (each 
of them giving his whole attention to thoſe 
things in which he is moſt intereſted) will 
always be able to do more for themſelves 
than the moſt enlightened and beſt diſpoſed 
princes can do for them. len van 


As a perſon whoſe deliberate n 

hat led him to diſſent from the mode of 
religion by law eſtabliſhed in this country, 
permit me, Sir, to expreſs ſomething more 
than a wiſh, that, as the future ſovereign of 
Great Britain you will be the equal father 
of all your ſubjects; and that in your reign 
every man will meet with encouragement 
and. \oyouet 4 in proportion to the ſervices he 


; : renders ? 
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renders his country, and the cog he is 
to it. 


: © There has of late years been 9 
concurrence of circumſtances tending to ex» 
pand the human mind, to ſhew the incon- 
venience attending all efabk/foments, civil or 
religious, formed in times of ignorance, and 
to urge the reformation of them. Let theſe 
be ſuffered to operate without obſtruction; 
and have the true magnanimity to let no 
impediment be thrown in the way of the 
eſforts of the more enlightened part of the 
community to improve the ſtate of is in 
any reſpect. OUT ge b 6 ee 12-144 523-4 


* 


A ſovereign conducting himſelf by theſe 
| liberal maxims will rank among the few - 
truly great and good princes,” whoſe object 
has not been themſelves, and their perſonal 

glory and power, but the real good of their 
country; and not that only, or exclufively, 
but the benefit of all the human race. A 
character thus ſupported will be admired, 
and 2 when that of other princes, 
. generally, 
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3 but falſely, called great, will be 
conſigned to what is worſe than oblivion, _ 
the deteſtation of all good men. 5 24 
Ws oo RE p | 7 
That your Royar Hicunzss may prove | 
a truly patriot king, an ornament to human 
nature, and a bleſſing to your country, and | 
to mankind, is the ſincere wiſh, and prayer, 


of +... I "i 
- Your RoyaL Hicantzss's, SN 
Moſt obedient 


And moſt humble ſervant, 


J. PRIESTLEY. 


BixMINGHAM, 9 
March 24z 1790. 
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Hus. at different times, publiſhed ſix vo- 
lumes of obſervations and experiments re- 
lating chiefly to the ſubject of air, and they being 
at preſent ſo far out of print, that a complete ſet 
cannot be had new, it ſeemed more adviſable to 
new model the whole work, than Pj * former 
volumes. 


"In fach a — of n made 'at 
very different times, it could not be but that many 
muſt now be ſuperfluous ; and there muſt alſo be a 
variety of imperfections, with which it is not worth 
while to trouble the reader. It will alſo be more 
_ agreeable to any perſon who is entering upon theſe 

inquiries, to get acquainted? with what I have done 
in a better method than that in which the particu- 
lars happened, to occur to myſelf, and eſpecially to 
* Into this Preface I have introduced every: thing that I thought . 
worth preſerving in the prefaces to all the fix volumes; and it is. 


hoped that the importance of the obſervations it contains, wil be a 
ne apology for the length of it. 


* 


ſee all that has been diſcovered with reſpect to any 


ſubzect of experiment, ſuch as any of the different 


kinds of .air, &c. with as little mixture of other 
matter as 10 K. 


Haring had a view to "fuck readers, I have en- : 


deavoured in this new edition to digeſt the contents 
of all the fix volumes, and alſo of thoſe papers 
which, ſince the publication of them, have been 
inſerted in the Philoſophical Tranſactions, into ſome- 
thing like a tem ; ſome regard, at the ſame time, 


being had to the order of time, and of diſcovery, the 
better to enable the reader to enter into my views, 
and trace the actual progreſs of my thoughts in the 


ſeveral inveſtigations. 


For the ſake of conciſeneſs, I have not, indeed, 


troubled the reader with every conjecture and hypo- 


theſis which I formerly adopted; but I have not : 


failed to mention the moſt conſiderable of them; 


not being aſhamed of the miſtakes I have made, 


and being willing to encourage young adventurers, by 


ſhewing them that, notwithſtanding the many errors 


to which even the moſt ſagacious, and the moſt cau- 


with conſide rable ſucceſs. 


tious, are incident, their labours may . 


No 


2a 0 


* 
* * 
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No perſon, I am confident, will now wiſh that, 
in order to prevent ſuch miſtakes, I had deferred 
the publication, of any of my volumes till I had 
of which they contain an account; and I ſhall ſtill 
purſue the ſame method of /peedy publication, though | 
the conſequence of it ſhould be the neceſſity, in 
ſome future time, of making another new modelled, - - 
and better purged edition of all my philoſophical 


Io repeat what I ſaid in the preface of the very 
firſt volume of experiments on air; conſidering the 
attention which is now given to this ſubje& by phi- 
nden en parts of Europe, eee, 
expected to be made, in this branch of 

all unneceflary delays in the publication of experi- 
A nne 


When, for the fake of a little more reputation, 
men can keep brooding over a new fact, in the diſ- 
covery of which they might, poſſibly, have very 
little real merit, till they think they can aſtoniſh the 
world with a ſyſtem as complete as it is new, and give 
mankind a high idea of their judgment and penetra- 
tion ; they are juſtly puniſhed for their ingratitude 


to the fountain . 
Vor. I. of. 
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of a genuine love of ſcience and of mankind, in find- | 
ing their boaſted diſcoveries anticipated, and the 
field of honeſt fame pre- occupied, by men, who, _ 
from a natural ardour of mind engage in philoſophi- 
cal purſuits, and with an ingenuous ſimplicity im- 
mediately communicate to others whatever occurs 
to n in their i dene | 


As to myſelf I find it abſolutely Appeal to 
produce a work on this ſubje& that ſhall be any 
thing like complete. Every publication I have frankly 
acknowledged to be very imperfe&, and the pre- 
ſent, I am as ready to acknowledge, is ſo. But, 
paradoxical as it may ſeem, this will ever be the 
caſe in the progreſs of natural ſcience, ſo long as 
the works of God are, like himſelf, infinite and 
inexhauſtible. In completing one diſcovery, we 
never fail to get an imperfe& knowledge of others, of 
which we could have had no idea before; ſo that we 
cannot ſolve one doubt without creating ſeveral new 


No philoſophical inveſtigation can be faid to be 
completed, which leaves any thing unknown that 
we are prompted by it to wiſh we could know re- 
lating to it. But ſuch is the neceſſary connection 
of all things in the ſyſtem of nature, that every /dif- 

- covery bring to our view many things of which we 
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12 no „innen before, Al complain Mb ey ; 
of which we cannot help wiſhing for; and when- 
ever theſe diſcoyeries are completed, we may aſſure 
ourſelves they will ERROR a ee 
GRE DES. © | "ff 10 . 2 

KH) * 

The e üs arp greater is the 
boundary of the darkneſs by which it is confiried. _ 
the more thankful we ought to be. For by this 
means we e the greater range for ſatisfactory 

In time the bounds of light will be 
ſtil farther extended ; and from the infinity of the 
divine nature, and the divine works, we may pro- 
miſe ourſelves an endleſs progreſs in our inveſtiga+ 
tion of them : a proſpect truly ſublime and glorious: - 
The works of the greateſt and moſt ſucceſsful philo 
ſophers are, on this — 
e eee . 


Travelling on this cada Fe 
ſcription of travelling among the Alps, with this 
difference, that here there is not only a [/ureeſion, 
en ee ee eee N 


e 4 ku lle W e 
nm n hem tread the r. 


, ” 5 
22 | Th”. 
0 N 12 * 


he would not have thought of one in ten that had 
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Th eternal movi appear already pat, 
And the . 
But thoſe attain d, e tremble to ſurvex 
The growing fabours of the lengthen'd way. 

'Th' inereaſtng profpe& tires our wand'ring eyes, 
Hills peep o er hills, and Alps on Alps ariſdmmm. 
| Bisar ON CRITICISM». 


3414 2111. toi 10 7122 Le 
Newton, e air; 
ſo he had few doubts concerning it. Had Dr. 
Hales,. after his various and valuable inveſtigations, 
given a liſt of all his dg6derata,” | am confident: that 


occurred to me at the time of my firit publication; 
and my doubts, queries, and hints for net experi- 
ments, are very conſiderably increaſed, after a ſeries 
of inveſtigations, which have thrown great light 
—— not * to "ge 


F "0s , ho 


A perſon who means to how 4 ok of kience 


effectually, muſt hazard his own reputation ſo far as 45 


to riſk even miſtakes in things of Jeſs moment. 
Among a multiplicity of new objects, and new re- 
lations, ſome will neceſſarily paſs without ſufficient 
attention; but if a man be not miſtaken in the prin= 


cipal object of his purſuits, he has no occaſion to 


diſtreſs himſelf about leſſer things, In the progreſs 


/  - THB + PAEFACE. w 

of his inquiries ke vill geoerally be able to recti 
his on miſtakes 4 or if little. and envious minds 
mould take, a malignant pleaſure in detetting them 
for, him, and endesvouring to expoſe him, he is 

not warthy of 4he.;name of a philoſopher, if he has 
not ſtrength of mind ſufficient to enable him not to 
be diſturbed at it. He who does not fooliſhly affect 
to be above the failings of humanity, will not be 
nene e ee er ee. 
th; plhow a3 lo x8 
3 all degrading w the buſineſs 
of experimental philoſophy; to compare it, as I-of- 
ten do, to the diverſion. of hunting, where it ſome- 
times happens that thoſe, who have beat the ground 
the moſt, and are conſequently the heſt acquainted 
with it, weary themſelves without ſtarting any 
game : hen it may fall in the way of a mere paſ. - 
ſenger; ſo that there is: but little room for boaſting . 8 
eee en e gan AY. "0 


* 
4 . 


i pri is that which 1 
dame, who, from a ſupreme veneration for. the 
God of nature, takes pleaſure in contemplating his 
works,:and from a love of his fellow creatures, as the 
— ages 2 org 
with a grateful ſenſe and perfect enjoyment of the 
means of happineſs of which he is already poſſeſſod, 
_ with exepeſinels; but without murmuring or 
W a 3 ; * im- 
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impatience, that greater command of the powers of 


nature, which can only be obtained by a more ex- 
tenſive and more accurate knowledge of them ; and 
which alone can enable 'us to avail ourſelves of the 
numerous: advantages with which we ate ſurround- 
ed, and contribute to make our common Handen 
d happy." W. * i Hz 430% 1110 an 20 

_ 13 por nd o inn 50d ock ad 03 
| Beſides Ks man s beleres that there is a 1 
vernor as well as a mater of the world (and there is 
certainly equal reaſon to believe both) will acknow- 
ledge his providence and favour at leaſt as much in 
a ſucceſsful purſuit of knowledge, as of wealth ; which 
is a ſentiment that intirely cuts off all boaſting with, 
reſpe& to ourſelves, and all envy and jealouſy with 
reſpect to others; and diſpoſes us mutually." to re- 


joice in every new light that we receive, [through 
pr ever! it be conveyed to us. 


(1633; Mine 1401 455 5401 Joes. 711 171 


T ſhall pal for an enthuſiaſt with ſome, but I am 


perfectly eaſy under the imputation, betauſe Lam 
happy in thoſe views which: ſubject me to tj but 


conſidering the amazing improvements in natural 
knowledge which have been made witlün the laſt 
century, and the many ages, abounding witſi men 
who had no other object beſides ſtudy, in which; how- 


ever, nothing of this kind was done, there appears to 


me to be a very particular providence in the concur- 
Wi . | A » — 5 F | rence 
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| rence of thoſe circumſtances which have produced 
Jo great a change; and I cannot help flattering my- 


other changes in the ſtate of the world, of much 
more conſequence to eee e 
"_— weir, | 55 


This rapid „ which, like . 
the progreſs of a wave of the ſea, of ſound, or of 
light from the ſun, extends itſelf not this way or that 
way only, but in all direm ions, will, I doubt not, 
be che means, under God, of extirpating all error 
and prejudice, and of putting an end to all undue 
and uſurped authority in the buſineſs of religion, as 
well as of ſcience; and all the efforts of the intereſted 
friends of corrupt eſtabliſnments of all kinds, will 
be ineffectual for their ſupport in this enlightened 
age; though, by retarding their downfal, they may 
make the final ruin of them more complete and 
glorious. It was ill policy in Leo X. to patro- 
nize polite literature. He was cheriſhing an enemy - 
in diſguiſe. And the Engliſh hierarchy (if there be 
any ching unſound in its conſtitution) has equal rea- 
ſon to tremble even *. a | 


he” No IN * b 


i 


This „ 3s it =- 
SOON but appears to be of mych greater mag- 
a 4 | * 5 
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ſelf that this will be inſtrumental in bringing about _ 
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ſuming to ſay, that, by working in a tub of water, 


train which this branch of philoſophy ſeems to be in. 


ber of perſons in many and diſtant countries now en- 


of nature with which we are acquainted ; ſome may 
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nitude and extent, ſo as to diffuſe light upon the moſt | 
general principles of natural knowledge, and eſpeci- 
ally thoſe about which chemiſtry is particularly con- 
verſant. And it will not now be thought very af- 


or a baſon of quickſilver, we may perhaps diſcover 
principles of more extenſive influence than even that 
of gravity itſelf, the diſcovery of which, in its full 
INE ee eee che 
name of Newton. 


0 would, however, caution ee A be 
too ſanguine in his expectations from the happy 


Conſidering the unexampled rapidity with which 
diſcoveries have hitherto been made in it, the num- 


gaged in theſe purſuits, and the emulation that is 
neceſſarily excited in ſuch circumſtances ; and con- 
fidering, at the ſame time, how nearly this ſubje& 
is allied to the moſt general and comprehenſive laws. 


be apt. to imagine, that every year muſt produce 
diſcoveries. equal to all that were made by a New- 
ton or a Boyle; and I am far from ſaying that this 
may not be the caſe, or flat ts very b ae 
in 


But, 
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e ahdegk Ebess Bade dent Wees us dien 
that things are viſibly in, char-philoſophical-diſeo= 
veries in general will go on with an accelerated pro- 
greſs (as indeed they have done ever ſince the' re- 
viyal of letters in Europe) it would be too raſh to 
infer, from the preſent flattering appearances, that 
any particular expedition into the ' undiſcovered re. 
gions'of ſcience will be crowned with more” diſtin- 
guiſhed dusceſt than another. Nothing is more 
common, in the — the branches of en- 
prong — — In general, in- 
deed, when numbers of ingenious men apply them. 
ſelves to one fubject, that has been well opened, 
| the inveſtigation proceeds happily and equably. 
But, as in the hiſtory of elericity, and now in the 
diſcoveries relating to ar, light has burſt out from 
the moſt unexpected quarters, in conſequenee of 
which the greateſt maſters of ſcience have been 
obliged to recommence their ſtudies, from new and 
Gmpler elements; ſo it is alſo not uncommon for a 
branch of ſcience to receive à check, r e 


moſt rapid and promiſing ſtate of its groith. 


et es tha he rick and hi re ub 
try give leſs attention to theſe ſubjects than, I be- 
lieve, they were'ever known'to do, fince the time | 
. and much led than men ef rank 


and 
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|. with us this loſs is made up by men of leiſure; ſpi- 
rit, and ingenuity, in the middle ranks of life; 


politics chiefly engage the attention of thoſe who 


the ſame. advantage, over politics, The greateſt 
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and fortune in other countries give to them. But 


which is a | circumſtance” that promiſes: better for 
the continuance of this progreſs in uſeful knowledge 
than any noble or royal patronage. With us, alſo, 


ſtand foremoſt in the community, which, indeed, 
ariſes from the freedom and peculiar excellence of 
our conſtitution, without, which; even the ſpirit of 
men of letters in general, and of philoſophers in 
particular, who never directhy ere eee of 
ee ene e 4a 


ee 
8 a number of nobility and gentty, ſo very few 
ſhould have any taſte for ſcientifical purſuits, becauſe, 


for many valuable purpoſes of ſcience,.wealth-gives 


a deciſive advantage. If extenſive and laſting. fome 
be at all an object, literary, and eſpecially ſcientifical 
purſuits, are preferable to political ones in a variety 
of reſpects. The former are as much more favour- 
able to the diſplay of the human faculties than the 
latter, as the ſyſtem A nature is gehe to 15. 1 


tical Alen en * 


17 extenſive 8 be the. object, "Gn fs 


ſucceſs 


AE PREFACE, 
— and dar pardewler age j wheteas 
a fucceſsful purſuit of ſeienoe makes à man the 
benefactor of all mankind, and: of every age. How 
 trifling is the fame of any ſtateſman that this coun- 
try has ever produced to that of Lord Bacon o 
Newton, or of Boyle; and how much greater are 
our obligations to ſuch men as theſe, than to any 
other in the whole Biographia Britamica; and every 
country, in which ſcience has flouriſhed, can furniſh 
— rw — — „ 09089 Yet 
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„Here my nl will habit! me; iis ible 
will I hope, forgive me, if I quote a paſſage from 
the poſtſtript of a letter which 1 formerly re- 
ceived from that excellent, and in my opinion; 
not too enthuſiaſtical philoſopher, father Cy. 
wk ns 


o 7 . * * 
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ſeggero, rubbi'il grande Franklin al mondo della natura, 
che non ſa ne cambiare, ne nuncare. In Engliſh. 
“I am ſorry that the political world, which is fo 
te very tranſitory, ſhould take the great Franklin 
“ from the world of eee can n N 
be or mn 
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Sciemtißcsl bk have ſuch an Als ol. 
molt others, as ought more eſpecially to recommend 
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them to: perſons of rank and fortune. They never 
fail to furniſh materials for the moſt agreeable and 
active purſuits, and ſuch as are, at the ſame time, 
in the higheſt degree,” uſeful and honourable, and 
are, by this means, capable of doing unſpeakably 
more for them than the largeſt fortunes, can do 
without this reſource. | Were perſons thus engaged, 
there would be leſs temptation to have recourſe to 
pleaſure and diſſipation, for the employment of their 
yacant- time; and ſuch purſuits would be particu- 
larly valuable to thoſe. who have no talent for 
politics, or any proper call, to occupy themſelves. 
in public affairs. Beſides, the laſt is a pach in 
which, from the nature of things, only a very few 
can walk; and the former, viz. a courſe of vicious 
A 


Man is a being endued by his creator wich ex- 
cellent faculties, and not to have ſerious objets of 
purſuit is to debaſe and degrade himſelf. It is to 
rank himſelf with beings of a lower order, aiming 
at nothing that is much higher than the low plea- 
ſures they are capable of; at the ſame time that, 
from the remains of nobler powers, of which he 
cannot wholly diveſt himſelf, he is incapable of that 
unallayed enjoyment of ſenſual pleaſures that brutes 


I am | 


natural ſcience is very line, if at all, the object of 
education in this country, in which many individuals 
have diſtinguiſhed themſelves ſo much by their ap- 
plication to it. And I would obſerve that, if we 
wiſh to lay a good foundation for a philoſophical 
caſte, and philoſophical purſuits, perſons ſhould be 
accuſtomed to the ſight of experiments, and pro- 
ceſſes, in early life. They ſhould, more eſpecially, 
be early initiated in the theory and practice of in- 
veſtigation, by which many of the old. diſcoveries 
may be made to be really their own; on which 
account they will be much more valued by them, 

And, in 2 great variety of articles, very young per- 

thing neceſſary to be previouſly known, as to engage | 
(which they will do with peculiar alacrity) in pur= 7 
nne 7 25 9 


At all events, 8 the cnriokity and 9 i 
of young perſons ſhould be excited as ſoon as poſ- 
ſible ; nor ſhould it be much regarded whether 
they properly underſtand what they ſee, or not. It 
is enough, at the firſt, if ſtriking facts make an 
_ Impreſſion on the mind, and be remembered. We 
are, at all ages, but too much in haſte to «nderflend, = 
as we think, the appearances. that preſent themſelves _ 
to us. If we could content ourſelves with the bare | 

I - 2 
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knowledge of new fas, and ſuſpend our judgment 
with reſpect to their cauſes, till, by their analogy, 
we were led to the diſcovery of more facts, of a 
ſimilar nature, we ſhould be in a much ſurer my 
to Coma we em of real erer 5 
1 hin et ws picky lama in this 
reſpe& myſelf; but I think I have as little to re- 
proach, myſelf with on this head as moſt of my 
brethren ; and whenever I have drawn general con- 
cluſions too ſoon, I have been very ready to aban- 
don them, as all my publications, and this work in 
particular, will evidence. I have alſo repeatedly 
cautioned my readers, and I cannot too much in- 
culcate the caution, that they are to conſider new 
Facts only as diſcoveries, and mere dedu#ions from 
thoſe facts, as of no kind of authority; but to draw 
all concluſions, and form all hypotheſes, for them- 
. 


7 1 


1 alſo e cannot help expreſſing a wide that during the 
eſtabliſhment of peace in Europe (and happily itisnot 
in the power of any ſtate to be always at war) we 
may ſee every obſtruction to the progreſs of know- 
ledge, which is equally friendly to all ſtates, re- 
moved. Taxes on the importation of books, and 
other articles of literature, are ſo impolitic, as well 
as illiberal, that it is earneſtly wiſhed-that ſomething 

Kwon: | may 


TAE PAEFACE. _ 


may be ſtipulated by contending powers for abo- 
liſhing them. There are ſtateſmen whoſe: minds 
are ſufficiently. enlarged to ſee that ee 
1 br for RR ls 3 TD 
1 ae mene „„ 
in this preface on the dignity, and utility, of experi- 
mental philoſophy ; but ſhall only obſerve farther; 
that it is nothing but a ſuperior knowledge of the 
laws of nature, that gives Europeans the advantage 
they have over the Hottentots, or the loweſt of our 
ſpecies. Had theſe people never known Europeans, 
they could not have formed an idea of any mode 
of life ſuperior to their own, though it differs but 
little from that of the brutes. In like manner, 
ſcience advancing, as it does, with an accelerated 
progreſs, it may be taken for granted, that man- 
kind ſome centuries hence will be as much ſuperior 
to us in knowledge, and improvements in the arty 
of life, as we now are to the Hottentots, though we 
cannot have any conception what that knowledge; 
or what: thoſe improvements, will be. It is enough, - 
for us to ſee that nature is inexhauſtible, that it is 
a rich mine, in which we ſhall never dig in vain 
and that it is open to infinitely more labourers than 
are now employed in en its ſages 
Seeger 1-4: vow oth — 
| ai - 
Haring 
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Having been a pretty ſucceſsful adventurer in 
this great mine, my philoſophical friends in general 
wonder that 1 do not confine my attention to it. 
Their diſſatisfaction with me is ſo great, and I hear 
of it from ſo many quarters, that I think it right to 
take ſome opportunity (and a better than the pre- 
ſent will hardly occur) to make an apology for my 
conduct, eſpecially to thoſe of my friends by whoſe 

aſſiſtance I am enabled to give my time to theſe 
liberal purſuits; being pleaſed to think that my 
eee ae dee W116" 


. would obſerve, that I follow 
my on beſt judgment in devoting my time to 
what I really apprehend to be the moſt important 
purſuits, thoſe from which myſelf, and mankind at 
large, will finally derive the greateſt advantage; 
and I muſt be allowed to ſay, that the greater vas 
riety of objects to which it is evident that I have 
given attention, mult qualify me to be a better 
judge in this caſe chan thoſe who cenſure my con- 
duct. Perſons who have only one object of purſuit, 
never fail to over-rate it, and of courſe to under» 
value other things. I would farther obſerve, that 
the attention 1 have given to theology (which, by 
tze way, is my original and proper province, and 
for which I may, therefore, be allowed ta. have a 

juſtifiable 


TOES 
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juſtifiable predilection) does not engroſs ſo a of 
my time as ſome perſons may imagine. I am par- 
ticularly complained of at preſent, as having thrown 
away ſo much time on the compoſition of my Hi/+ 
tory of the Corruptions of Chriſtianity, of the Opinions 
concerning Chriſt, and of the Chriſtian Church in gene- 
ral. But I can aſſure them, and the nature of the 
thing, if they conſider it, may ſatisfy them, that the 
time I muſt neceſſarily have beſtowed upon the 
experiments of which an account is contained in 
any one of fix volumes, is much more than I have 
given to three or four of thoſe of which the other 
conſiſt, and to all the controverſial pieces that I 
have written in defence of them. In general; during 
the compoſition of thoſe works, the greateſt part of 
eyery day was ſpent. in my laboratory, and the 

evenings and mornings. only in reading or writing. 
Beſides, theſe different ſtudies ſo relieve one another, 
that I believe I do more in each of them, by ap- 
plying, to them alternately, than I ſhould do, if I 

. gave my whole attention to one of them only. | 


But my principal defence refts on the ſuperior - 


dg) and importance of theological Pudies. to any 


co cher whatever, and with ſome obſervations of 
=_ this kind 1 ſhall 1. nnen 
1 face, 3 
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Every rational being ought to diſtinguiſh, by the 
greater attention that he gives to them, thoſe ob- 
jets which are of the greateſt importance to him- 
felf, and to mankind at large. And certainly, if 
there be any juſt rule for eſtimating the value of 
a problem, or query, that is propoſed to' us, we 
muſt think it of infinitely more moment to diſ- 
cover whether there be a future, and eſpecially an 
endleſs, life after this, and how to ſecure a happy 
lot in that future life, than to make the beſt pro- 
viſion poſſible for ourſelves in this life, which is 
the ultimate object of all natural philoſophy. Stu · 
dies, but remotely connected with that great object, 
muſt have a dignity and importance infinitely ſu- 
perior to any other. A man muſt never have 
thought a moment on the ſubject, if he heſitate to 
give a decided preference in the caſe. To think or 
act otherwiſe, would be like a man buſying him- 
ſelf about farthings, who, has large eſtates, or king- 
doms, depending, and who ſhould 2 the latter 
in order to ſecure the former. a 


All that any philoſophical bade can pretend to 
fay in the caſe, muſt be, that the expectation of a 
future life is ſo manifeſtly chimerical, that it can 
never be worth a wiſe man's while to loſe a moment 
in thinking about it, or to employ his time in- any 
_ ſtudy relating to it, This I know to be the opi- 
| | n 
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122 ef many who: will read this book, if not this 
preface, But in this I muſt take the liberty to 


differ from them, and for reaſons which I ſhall ſub- 
mit to their ſerious conſideration. 


7 4 ES 


Neb reromine,. h Ans whdi chem ab un- 
| = favourable to any expectation of a future life, and 
IE the dofrine of an immaterial ſoul, capable of fub- 
| = ſiting. and acting when the body is in the grave 
bon which the. doctrine of a future ſtate is generally 
| I founded) 1 am as fully perſuaded: as they can be, 


is unauthorized by any natural appearances. what- 
ever, My expectation of a future life reſts on an- 
other foundation; and; improbable as I acknow- 

ledge the doctrine to be, according to the light of 
nature, it is nevertheleſs ſuch as I firmly believe, 
on the plaineſt of all evidence; the author of nature 
having given us an abſolute aſſurance of it, by per- 
ſons authorized to ſpeak in his name, and whoſe 
divine miſſion was proved by ſuch works as no 
other than the author of nature could have enabled 
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2 Thar fuch works: have been performed, and for 
this important purpoſe, muſt, I apprehend, be true, 
if there, de any truth in hiſtory. And there is no 
A kind of evidence more _ ere to a rigorous 
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the maxims of which we INE hy EC TREE 


4 ”. 
with, 
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Now it e to me, har we mut Aer ad 
mit the truth of the goſpel hiſtory, which contains 


an account of the doctrine, miracles, death, and 
reſurrection of Chriſt (on which the belief of a 
future life depends) or believe what is infinitely 


more incredible, viz. that ſeveral thouſand people, 
preſent at the tranſactions, and who had no motive 
to believe them without ſufficient evidence, but 


every motive to turn their eyes from them, or diſ- 


believe them if they could, ſhould: yet, without ſuch 
evidence, have given the firmeſt aſſent to them, 
and have entertained ſo little doubt of the extraor- 


dinary facts, as to maintain their faith in them at 


the hazard of every thing dear to them in life, and 
even chearfully lay down their lives, rather than 
abandon their faith. Let philoſophers, as ſuch, 
account for this great fad, without admitting more 
teal miracles, and thoſe of a more extraordinary 
kind, than the belief of chriſtianity requires of me, 


and I will relinquiſh my preſent faith, mw as it is 


. e Wy 


* As philoſophers, the W FRAN us 1. ne 
faith, ſtrictly ſpeaking, is more agreeable to prgent 
appeartiices, Whatever we may think of an author 
„ 2 my of 


_ 
: 
3 
1 
5 
7 
* 
3 
5 
8 
2 
Fe 
1 
7 
1 
98 
> 
7} 
* 
7 
7 
* 4%, 
6 
*. 


1 2 


ies 42.5 Edo birt 


TW 
YI 


K - 
On = -- AN 
ſh. Wt * r PN LETS NC S is ot} * 
2 Ix,” r Te) LS Conn , 
£ * „ 
— 1 


THE n FE xXxvii 


— of iis antention to it, we equally 83 
lieve in the uniformity of tbe laws of nature, and that 
man, whoſe conſtitution is a part of the ſyſtem of 
nature, was the ſame kind of being two thouſand 
years ago that he is now; as much as that a horſe 
of that age, or an oak tree of that age, had the 


ſame properties with the horſes and oaks of the 


preſent. Conſequently, whatever was poſſible with 
reſpect to man in any e e EY wo 
ſible now. 13 


PY 


But will oa man, dis — a o . 
tion to the ſubject, ſay. that it is even poſſible that 
ſeveral thouſand perſons, in London or Paris, could 


be made to believe that any man in London or 


Paris, died and roſe from the dead in their own 
life-time, that they ſhould perſiſt in this perſuaſion 
through life, without ſhewing any ſign of inſanity, 
that they ſhould gain numerous proſelytes to their 
opinion, though it ſubjected all who embraced it to 
all kinds of perſecution, and even to death; and 
that the belief of it ſhould eſtabliſh itſelf againſt all 
oppoſition, without any perſon 685 6. _ to 8 


de impoſition? ? 


Now I . chat this mie take: . 


4 more eaſily in London, or in Paris, at this day, 
= than it could have done at Jeruſalem in the tune 


"4 1 


facts, all the reſt follows of courſe, and all things 
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been the fame thing then that we find it to be at 
| if mankind eould have been ſo impoſed 
upon. This I therefore think abſolutely incredible, 
and conſequently, as the leſs difficulty of the two, 
_ as believing a thing much leſs improbable, I admit 
the truth of the goſpel hiſtory, the admiſſion of 
which makes the ſubſequent account of the pro. 


pagation of chriſtianity (which all hiſtory, and even 


the preſent ſtate of things, proves to be true) per- 
fectly eaſy and natural, Admitting theſe leading 


came to be as they are without any farther miracle. 
But real miracles we muſt have ſomewhere, in or- 
der to account for the preſent ſtate of things; 


and if we muſt admit miracles, let them be ſuch 


as have a great objet, and not ſuch as have no 


object at all, but _ ſerve to. punzle and o. 


found us. 


The hiſtory of the Jews, and the books of the 


Old Teſtament, furniſh many fads, which no hy- 
potheſis beſides that of the divine origin of their 
religion, can explain. Let the philoſopher only 
admit as a paſtulatum that Jews are, and always 
were, men, conſtituted as other men are, and let 


him not deceiye himſelf, by conſidering them as bo- 


. ſpecies, All I wiſh in this reſpect 
I 1, 
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is, that perſons who pretend to the character of phi- 


loſophers, would be ſo throughout, and carry the 
ſame ſpirit into the ſtudy of hiſtory, and of human 
nature, that they do into their laboratories ; firſt al- 


ſuring themſelves, with reſpect to fads, and then ex- 


plaining thoſe facts by reducing them to general prin- 
ciples (which, from the uniformity of nature, muſt 


| be unverſally true) and then I ſhall have no doubt 


of their becoming as firm believers in chriſtianity as 
myſelf They will find no other hypotheſis, that 


can explain ſuch appearances as they cannot deny to 
be real. Let philoſophers now ſay, whether there 


be reaſon in this, or not. 
I therefore take the liberty, having been led to 


advance thus much, to addreſs my brother philoſo- 


phers on a ſubject equally intereſting to us as philoſo- 
phers, and as men. Do not diſregard a queſtion dt 
infinite moment. Give it that degree of attention 
to which it is naturally intitled ; and eſpecially do 
not fo far abandon the ſerious character of phileſo- 
Phers, as to laugh where you ought to reaſon. At 


| leaſt, do this great ſubject, and yourſelves, the juſ- 


tice to conſider the fads, and endeavour to frame 
ſome hypotby/is by which to account for them; and 
do not decide in half an hour, on an inquiry which 
yo deſerves the ſay of. yok 268 f 
ves. 
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If I have a ſtronger bias than many other perſons 
in favour of chriſtianity, it is that which philoſophy 
gives me. I view with rapture the glorious face of 
nature, and I admire its wonderful conſtitution, the 
| laws of which are daily unfolding themſelves to our 
view. It is but little that the life of man permits 
us to ſee at preſent, and therefore I feel a moſt eager. 
deſire to renew my acquaintance with it hereafter, 
and to reſume thoſe inquiries with which J am fo 
much delighted now, and which muſt be AAR 
ed by death. 


Could I imagine that the knowledge of nature 
would ever be exhauſted, and that we were ap- 
proaching to a termination of our enquiries, J could 

more contentedly ſhut my eyes on a ſcene in which 
nothing more yas to be ſeen, or done. But to quit 
the ſtage at preſent (and I believe the aſpe& of 
things will be exactly ſimilar in any future period of 
our exiſtence) without the hope of re-viſiting it, 

would fill me with the deepeſt regret. The general 
who, like Epaminondas, or Wolfe, dies in the arms 
of victory, dies with ſatisfaction; but not ſo he that 
is cut off in the beginning of a doubtful, though 
promiſing, engagement. Thus I feel on the idea} 
of ceaſing to breathe, when 1 e og WP 
_ what itis that! breathe, 27 ht 
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M. Herſchell's late diſcoveries in, and beyond, 
the bounds of the ſolar ſyſtem, the great views that 
he has given us of the arrangement of the ſtars, 
their revolutions,” and thoſe of the immenſe ſyſtems | 

into which they are formed, are peculiarly calcu- 
lated to inſpire an ardent deſire of ſeeing ſo great 3 
ſcene a little more unfolded. Such diſcoveries as 
theſe, give us a higher idea of the value of our being, 
by raiſing our ideas of the tem of which we are 

apart, and, ene n we 


nuance of it. m0; 388 


| Beſides, civil 440 is but in 10 W 3 
itſelf is but very imperfectly known to the civilized. . 
inhabitants of it, and we are but little acquainted 
with the real value of thoſe few of its productions 
of which we have ſome knowledge, and which we 
are only beginning to name, and to arrange. How 
muſt a citizen of the world wiſh to know the future 


progreſs of it ? 


To have no wiſh of this kind certainly argues a 
_ lo, an ignoble, and I will ſay, an unphiloſophical 
wind. 1 conſider all ſuch perſons, how ſuperior 
ſoever they may be to myſelf in other reſpects, win 
= pity and concern. They would have unſpeakably. 
more ſatisfaction in their philoſophical purſuits, if 
they carried them on with the views of or] 
1 have 
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I have. It has been juſtly obſerved, that great 
views indicate, and indeed conſtitute, great mindls. 
What elevation of mind, then, would the pro- 
ſpects of the WORD WR Os: 


_—_ 


With men of reflection this apology for my con- 
duct will, I doubt not, be admitted as fatisfafory.z 
and till I hear better reaſons than have yet been of. 
fered to me for changing my conduct, I ſhall con- 
tinue to give my attention to my different purſuits, 
according to my own ideas of their reſpective im- 
portance ; and my friends have no reaſon to ſear 
too ſtrong charms for me. I ſhall endeavour, how. 
ever, to keep it in its proper place, and not fo 


If any of my philoſophical friends ſhould be induced, by what 
| I have here urged, to look into my zheological avritings, I would 
take the liberty to recommend to them my Letters to a Philoſophicdl 
Unbeliever, the Inſtitutes of natural and revealed Religion, the Gene» 
ral Hiftory of the Chriftian Church, till the Fall of the Weftern Empire, 


aud the Hiſtory of the Corruptions of Chriſtianity, . eſpecially the Con- 


cluffan, Part I. relating to Mr. Gi Box, who has declined engaging 
m the diſcuſſion I there propoſed to him. If they wiſh to ſee more 
particularly in what manner chriſtianity came to be ame ae 
with the doctrine of the trinity, which has been the foundation of 
one of the greateſt objections to it, I would further refer them to 
my Hiftory of early Opinion) concerning Chriſt, where they will ſee it 
traced to its proper ſource in the Platonic philoſophy, and where 
it is proved that the primitive chriſtian church was unqueſtionably 
24 much 
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much attach myſelf to the ſtudy of che laws which | 
this world, as to loſe ſight of the ſubſervienoy 
of this world, and of all things in it, to anober and 
a better ; in which I hope to reſume theſe pleaſing 
philoſophical purſuits, and to fee, in a-comprehen. 
five view, thi dnached-difioveries deen go 
now . 


At preſent all * ab 
ner unhinged by the diſcovery of a multiplicity af 
faFs, to which it appears difficult, or impoſſible, to 
adjuſt them. We need not, however, give '6ur- 
ſelves much concern on this account. For when 3 
ſufficient number of new facts ſhall be diſcoveretl 
(towards which even imperfe& hypotheſes will con- 
tribute) a more general theory will ſoon preſent it- 
ſelf; and perhaps to the moſt ineyrious. and/leaft 
ſagacious eye. Thus, when able navigators have, 
with great labour and judgment, ſteered towards 
an undiſcovered country, a common ſailor, placed 
at the maſt head, may happen to get the firſt ſight 


of the land. Let us not, however, . contend about 


merit, but let us all be intent on forwarding the 


common enterprize, and equally enjoy any progreſs 
we may make towards ſucceeding in it; and above 


all, let us acknowledge the guidance of that Great 
Being, 2vho has put a ſpirit in man, and * . 


tion n giveth him man fanding. 


I have 


have not, in this edv, given a ſummary view 
| of fats, ſuch as I gave in the b of the preceding 
volumes, partly becauſe 1 found it would have made 
the laſt volume of a diſproportionate ſize, but chiefly 
becauſe the arrangement of the preſent work, and 
the Inder to the whole, rendered it leſs neceſſary. 
Such a ſummary will be found in Mr. Keir's Che- 


mical Dictionary, and in Elementary Treatiſes, 


comprizing . what all experimenters,on air have diſ- 


As I wiſh to preſerve the memory of my patrons 
(though I hope to do in a more effectual manner 
than this) I would obſerve that the ſix original volumes 
were inſcribed to the following perſons; viz. the Mar- 
quis of Lanſdown, Sir George Savile, the late Earl of 
Stanhope, Sir John Pringle, Doctor Heberden, and 
William Conſtable, Eſq. of Burton Conſtable. 
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OR the 3 1 0 
ments and obſcrvations/on different kinds of 

air contained in this treatiſe, it will be uſeful ta 
thoſe who are not acquainted with the hiſtory of this, | 
branch of natural philoſophy, to be informed. of 
thoſe facts which had been diſcovered by. others, 
before I turned my thoughts to the ſubject ; which 
ſuggeſted, and by the help of which 1 was enabled 
to purſue, my enquiries. Let it be obſerved, how 
ever, that I do not profeſs to recite in this place a 
that had been diſeoyered concerning air, but only 
thoſe diſcoveries. the knowledge of which is nece{- 
lary, in order to underſtand what I have done my- 


ſelf; ſo that any perſon who is only acquainted with 5 


e 3 may 
V. L. B be 
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be able to read this treatiſe, and, with proper at- 
tention, to underſtand every part of it. 

That the air which conſtitutes the atmoſphere i in 
which we live has «weight, and that it is elaſtic, ot 
conſiſts of a compreſſible and dilatable fluid, were 
ſome of the earlieſt diſcoyeries that were made af- 
ter the dawning of philoſophy in this weſtern part 
ofthe work.” 

Alſo Van Helmont, and other chymiſts who ſuc- 
ceeded him, were acquainted with. the property of 
ſome vapours to ſuffocate, and extinguiſh flame, 
and of others to be ignited ; effects, indeed, which 
could not but have been known in all ages. But they 
had no idea that the ſubſtances (if, indeed, they 
knew that they were ſultances, and not merely Pro- 
ferties, and affeckions of bodies which produced thoſe 
effects) were capable of being ſeparately exhibited 
in the form of a permanently elaſtic vapour, not con- 
denſable by cold, to which 1 give the name of air, 
any more than the thing that conſtitutes /mell. 
In fact, they knew nothing at all of any air beſides 
common air, and therefore they applied the term to 
no other ſubſtance whatever. 

That elaſtic fluids, differing eſſentially ö the 
air of the atmoſphere, but agreeing with it in the 
properties of weight, elaſticity, and tranſparency, 
might be generated from ſolid ſubſtances, was diſ- 
Covered by Mr, Boyle, 1 two ROT 
4 + kinds 


' ed that what we now call brad ary and ute pf 
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kinds of faltitious air, at leaſt the effects of them: 
had been known long before to all miners. One 


of theſe is heavier than common air; It lies at the 


bottom of pits; - extinguiſhes candles, and kills ani- 
mals that breathe it, on which account it had ob- 
tained the name of the choke damp. - The other is 
lighter than common air; taking its place near the 
roofs of ſubterraneous places; and becauſe it is 
liable to take fire, and explode; like gunpowder, it 
had been called the fire damp. - The word damp ſigz 
e, ANON A ANCE 
language. vo .1t.30 

Mr; Boyle was; I betete, the fir ws diſcover- 


mable air, are really elaſtic fluids, capable of being 
exhibited in a ſtate unmixed with common air, a 


fact which nothing that was known before his time 


could have given him the leaſt reaſon to expect: 
nor, in fact; did he make the diſcovery by any kind 
of reaſoning à priori. Pata e OW 

of his experiments. | 
Though the former of theſe kirds of ar had bee 
known to be noxious, the latter, I believe, had not 
been diſcovered to be ſo; having always been found, 
in its natural ſtate, ſo much diluted with common 
air; as to be breathed with ſaſety. Air of the for- 
mer kind, beſides having been diſcovered in various 
caverns, * the. groita del Cane” a Italy, 
5 . had 


mended the uſe of wort (that is an infuſion of malt 


” 
Py * 
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had alſo been obſerved on the ſurſace of fermenting 
liquors, and had been called gas (which is the ſame 
with geif, or ſpirit) by Van Helmont, and other 
German chymiſts; but afterwards it obtained the 
name of fixed air, eſpecially after it had been diſ- 
covered by Dr. Black of Edinburgh to exiſt, in a 
fixed ſtate, in alkaline falts, chalk, and ether. cn 
careous ſubſtances, _ 

' This excellent philoſopher diſcovered that it is the 
preſence of the fixed air in theſe ſubſtances that 
renders them mild, and that when they are deprived 
of it, by the force of fire, or any other proceſs, 
they are in that ſtate which had been called canfic, 
racy gel comading us humming: ieee ond . 
able ſubſtances, ' : 
Fixed air had been diſcovered ky Dr. Macbride 
of Dublin, after an obſervation of Sir John Prin- 
gle's, which led to it, to be in a conſiderable de- 


Bree antiſeptic ;, and ſince it. is extracted in great 


plenty from fermenting vegetables, he had recom- 


in water) as what would probably give relief in the 


Dr. Brownrigg had alſo diſcovercd chat che ſame 


ſpecies of air is contained in great quantities in the 


e Percvont ning e Hon in Geary, 
and in other mineral waters, which have. what is 
TTY. n 


flavour, 


s, 
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| flavour, briſkneſs, and medicinal virtues, are de- 
rived from this ingredient. | 
Dr. lie e eee ee ee 
was any material difference between theſe kinds of 
air and common air, "obſerved that certain fub- 
ſtances and operations generate air, and others ab- 85 
forb it; imagining that the diminution of air was | 
ſimply a taking away from the common maſs, wich- 
out any alteration in the properties of what remained. 
His experiments, however, are fo numerous, and 
various, that they are juſtly eſteemed to be the ſolid 
foundation of all our knowledge of this ſubjedt. © * 
Mir. Cavendiſh had exactly aſcertained the ſpecific | 
gravities of fixed and inflammable air, ſhewing the 
former of them to be 14 heavier than common 
air, and the latter ten times lighter, He alſo ſhew- 
ed that water would imbibe more than its on bull 
of fixed air. 25 
Laſt, Nur. Fake diſcovered that wir thus bb : 
pregnated with fixed air wit diſſolve a conſiderable 
o 
1 75 
Beſides dete two kinds ef Schdeue d an 
which I call nitrous air obtruded itſelf upon Dr. f 
Hales ; but even he, as 1 obſerved, had ue ides , 
there being more than one kind of an, Toaded with A 
different yapours ; and was far from imagining tht 
they differed from one another o very efferially as . 
B 3 | they 
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they are now known to do. And though Mr. 
Boyle, Dr. Hales, and others, could not but be ac- 
quainted with the effluvium of ſpirit of falt, and alſo 
of volatile alkali, they could have no idea that the 
ſubſtance which had thoſe powers was capable of 
being ſeparated from common air, and of being ex- 
hibited free from moiſture, in the form of a perma- 
nently elaſtic vapour, to appearance exactly like that 
which conſtitutes the common atmoſphere. Or if 
any perſon, till within theſe very few years, had ſuch a 
notion (of which, however, I do not believe that 
they have given the leaſt intimation) it muſt 
have been a mere random conjecture, and what no- 
thing but actual experiment could haye afcertained. 

Even Mr. Cavendiſh, whoſe experiments relating 
to air immediately preceded my own, appears not 
to have had ſo much as a ſuſpicion of this kind, 
For he relates an experiment of his, on the ſolution 
of copper in the marine acid, as inexplicable, ex- 
cept on the hypotheſis of there being a kind of air 
that loſt its elaſticity by the contaf4 of water, which ad- 
mits of the eaſieſt ſolution imaginable, on the ſup- 
poſition of the - ſpirit of falt emitting a vapour, 
which though capable of being confined by quick- 
ſilver, and of being by that means exhibited in the 
form of air, was inſtantly ab/orbed by water, which 
would thereupon become n of al the 1 
on of TE NO <7 ; 7 * 
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In fact, none of the chymiſts Am 
the leaſt idea of its being even poſſible to ſeparate 
the acid or alkaline, principles from the water with 
which they are always found combined; and there- 


fore, though they did ſuppoſe them capable of far- 
ther concentration, they {till conſidered a certain por- 


tion of water, as abſolutely eſſential to them; and 


conſequently all the experiments that have hitherto 
been made on the affinities of the acids, and alkalis, 
are, in fact, nothing more than the affinities of com- 


pound ſubſtances, conſiſting of the acids or a 
and water, | | 


The ahove-mentionad, 2 would ablarve, are N 


no means all the diſcoveries concerning air that 
have been made by the gentlemen whoſe names I 
have mentioned, and ſtill leſs are they all that have 


been made by others; but they comprize all the 
previous knowledge of this ſubject that is neceſſary 
to the underſtanding of this treatiſe ; EXCEPT a few 

which will be mentioned in the courſe 


of the works and which it bh thy Pea 
eee Nen 1 
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air, 1 found myſelf at a loſs for proper terms, by 
which to diſtinguiſh them, thoſe which have hi- 
therto obtained being by no means ſufficiently cha- 
racteriſtic, or diſtinct. The only terms in common 
uſe were, fixed air, mephitic, and inflammable. The 
laſt, indeed, ſufficiently characterizes and diſtin- 
guiſhes that kind of air which takes fire, and ex- 
plodes on the approach of flame; but it might have 
been termed fixed with as much propriety as that to 
which Dr, Black, and others before him, had given 
that denomination ;-ſince it is originally part of ſome 
folid ſubſtance, and exiſts in an unelaftic ſtate. © 

The term mephitic is equally applicable to what 
ü thai which is inflammable, and 
to many other kinds; ſince they are equally noxi- 
ous, when breathed by animals. Rather, however, 
than either introduce new terms, or change the 
ſignification of old ones, I have uſed the term fixed 
air, in the ſenſe in which it is now commonly uſed, 
and have diſtinguiſhed the other kinds by. their pro- 
1 1 or _ other PR I have been under 
4 2 Ee, ne- 
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a neceſſity, however, of giving names to thoſe kinds 
of ale; 05 WER en e en Bots Fry Og, 
as nitrous, acid, alkaline, &c. | 
| No perſon was ever more temperate, or more 
cautious, than I have been in the introduction of 
new terms, conſidering the number of neto facts 
that I have diſcovered. It was with great heſitation, 
though compelled by neceſſity, that I did it at all; 
generally with the advice of my moſt judicious 
friends, and always adopting fuch as were analogous 
to others in eſtabliſned uſe. Thus when I formd 
the terms common or atmoſpberical air, fixed air, and 
inflammable air, uſed by all philoſophers, and no 
perſon whatever had objected to them, it was cer- 
tainly natural for me to continue to apply 'the term 
air to other elaſtic tranſparent fluids, not condenſable 
by cold, and to diftinguiſh them by other appella- 
tions, drawn from the peculiar © circumſtances of 
their production, as nitrous air, atid air, alkaline 
air, phlogiſticated and dephlogifticated air, &c. uſing 
the term air as expreffive of the mere fm in which 
a ſubſtance is exhibited, without any confideration 
of the elements of which it confiſts. I therefore 
_ thinkthe term gaz, which many uſe, in this ſenſe, 
to de unneceſſary;' the term air, as it had Tong 
been uſed of e beine fufficient bond ons 
They | 
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They who. chuſe to apply the term air to a ſub- 

| lance, and not to a form, are certainly at full li- 
berty ſo to do, if they pleaſe; and provided we 
underſtand one another, no inconvenience will re- 
ſult from our uſe of a different language. But 
then the ſame perſons ſhould be uniform in their ob- 
jections and practice, and call nothing by the name 
of air that they do not believe to conſiſt of that one 
elementary ſubſtance to which they profeſs to appro- 
Priate the term. The language that I adopt, in 
this reſpect, implies no attachment to any hypo- 
theſis whatever, and may ſtill be uſed though I 
ſhould change my opinion on that ſubject; which 


is certainly a very great advantage in philoſophical 


language. In adopting the terms phlogifticated and 


 dephlogiſticated air, I did not, I own, uſe the ſame 
judgment; but as by good fortune, they do not 


appear at all improper, I do not ſee any ſufficient 


reaſon to abandon them. The azote in the new no- 
menclature is not expreſſive of any. thing peculiar to 
what I have called phlogiſticated air; and the term 


vital, does not ſufficiently diſtinguiſh dephlogiſti- 


cated from common, or atmgſpherical air, 


Some perſons more particularly. object to the 


term air, as applied to acid, alkaline, and even ni- 


#rous air; but it is certainly very convenient to have 
common term by which to Galle ings Five 
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have ſo many common properties, and thoſe ſo very 
ſtriking ; all of them agreeing with the air in which | 
we breathe, and with fixed air, in elaſticity, and tranſ- 
parency, and in being alike affected by heat or cold; 
ſo that to the eye they appear to have no difference 
at all. With much more reaſon, as it appears to 
me, might a perſon object zo the common term 
netal, as applied to things ſo very different from 
one another as gold, quickſilver, and lead... .. 
_ Beſides, acid and alkaline air do not differ from, 
common air (in any reſpect that can countenance 
an objection to their having a common appellation) | 
except in ſuch properties as are common to it with 
fixed air, though in a different degree; viz. that of 
| being imbibed by water, But, indeed, all kinds of 
air, common air itſelf not excepted, are capable of 
being imbibed by water in ſome degree, 5 
Some may think the terms.acid and alkaline va- 
pour more proper than acid and alkaline air. But 
the term vapour having always been applied to 
elaſtic matters capable of being condenſed in the 
temperature of the atmoſphere, eſpecially the. Vas, 
pour of water, it ſeems harſh to apply it to any_ 
elaſtic ſubſtance, which at the fame time that it is as 
tranſparent as the air we breathe, is no more affect. 
fe 90 cold than i 1 | 
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An account 7 the APPARATUS with which the fallwin 


ATHER than defcribe 4 Y che manner 
in which every particular experiment that T - 
ſhall have occaſion to recite was made, which would 
boch be very tedious, and require an unneceſſary 
multiplicity of drawings, I think it more adviſeable 
to give, at one view, an account of all my appara- 
tus and inſtruments, or at leaſt of every thing that 
can require a deſcription, and of all the dif- 
ferent. operations and proceſſes in which I employ 
them. 
Ie will be en det way apparatus or experiments 
on air is, in fact, nothing more than that of Dr. 
Hales, ' Dr. Brownrigg, and Mr. Cavendiſh, diver- 
ſified, and made a little more ſimple. - 
For experiments in which air will bear to be con- 
* fined by water, I firſt uſed an oblong trough made 
ol carthern ware, as.@ Plate I. fig. 1. about eight 
inches deep, at one end of which 1 put thin flat 
ſtones, about an inch, or half an Each, under 
the water, uſing more or fewer of them according to 
the quantity of water in the trough. I afterwards found 
it more convenient to uſe a larger wooden r 


*. 


e. 
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of the ſame form, with a ſhelf about an inch lower ty 


than the top, inſtead of the flat ſtones above men- 
tioned. But I now uſe a trough, two feet. two 
inches long, one ſoot two. inches wide, and. nine 
inches deep, for common purpoſes, and ,athers/ of 
different dimenſions for particular uſes. In making 
them the joints are fixed in freſh pajnt; whidhoondew 
them perfectly water tight. - 

In one end of this trough are eee 
can ſlide, ſo that I can take it out with pleaſure; I 
have alſo a /belf like Fig. 1. Plate III. except that it 
in not ſulpendeg, as that is, by thin pieces e, 
anſwered very well, The ſhelf is about an inch 
orifices of which, about a quarter of an inch in 
diameter, appear on the upper ſide, as the ſorm 
and ſize of the cavity below is expreſitd by the 
dots above. Re 
the Duc de Chaulnes. | 

Tee eee Aach 
ſible; but care ſhould more eſpecially be taken, that 
no part of them be too flat, leſt any bubbles of ar 
ſhould be retained, and ce engen ane 1, 
placed to receive tem. | 

"When folk e It. is e 29 
introduce the tube of the phial in which it is pro- 
rs 9— 
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the funnel. But when it happens that the fweep of 


tte tube is to ſhort for that purpoſe, I make uſe of 


a ſmall production of the upper part of the ſhelf; 
with a flit in it, under which the ſhorter tube may 
be brought; and the edge of the jar that receives 


the air, may be made to ſlide over the place at 


which the bubbles iſſue. 
Fig. 2. Plate III. is a fide view of a oh fue 


ſupported by a wooden pillar, riſing from a baſe, 
to which a plate of lead is faſtened; in order to 
make it ſink, and keep its place in the water. At 
the top of the pillar is a piece of wood cut in front 


| (bur, for that reaſon, not viſible in this figure) in = 


concave form, for ſupporting a glaſs rube, that, 
reſting on the orifice of the funnel, may lean againſt 
it. Both this piece of wood, and alſo that whicht 
ſupports the funnel, are made to ſlide up and down, 
and are fixed by wedges at whatever height is found 


to be moſt convenient. This apparatus ſaves the 
trouble and inconvenience of keeping one's hand in 


the water for the ſake of holding the funnel, while 
the air is pouring through it. 


Fig. 3. Pl. III. repreſents an apparatus that 


would not deſerve a copper- plate, but that there is 


often great convenience in little things. It exhibirs 
a baſon of water, or quickſilver, ſo placed, in a frame 
of wood, as to contain ſeveral glaſs tubes, which 


may be ſupported with little trouble, and diſpoſed of 
without materially interfering with each other. In 


this 


Kn. Hl.. Tr mrroroverfown. tf 
chis manner 1 have oten more than half a dozen 
in uſe at the fame” time. 
Aſter uſing this baſon' FE quieter, which, on 
many accounts, is, in general, more convenient 
chan any other form of a recrvoir. * I found 1 had 
had occalion to trarisfer air from one jar to another 
in quickſilver, in the ſame manner as I had uſed to 
491 in water; and then I found it abſolutely neceſ- 
ſary for this purpoſe, to make uſe of an oblong 
trough, Pl. V. fig. 1. That which I have com- 
monly uſed is made of wood, ſeven inches long, 
three wide, and chree deep, made cylindrical at the 
bottom, in order to make the' leaſt quantity of 
of quickſilyer neceſſary. But 1 have an upright. 
piece of wood at one end, contrived to ſupport 
tall glaſs veſſels without danger of falling. It 'is 
only with. ſuch an apparatus as this, that given 
quantities of alkaline and acid airs can be a as 
is deſcribed in the courſe of the work.” | 
The ſeveral kinds of air I uſually keep i in ks 
drical jars, as c, 6, Pl. I. fig. 1, about ten inches 
long, and two and an half wide, being ſuch as I have 
generally uſed for electrical batteries; but 1 have 
likewiſe veſſels of very different forms and _— 
adapted to particular experiments. 
When I want to remove veſſels of air from the 


rious ſizes, to hold more or leſs water, according 
to the time that I have occaſion to keep the air, as 


large trough,” J place them in pots or diſhes, of va- 


. 
. 


- 
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fig. 2. Theſe I plunge in water, and flide the jars into 
them; after which they may be taken out together, 
and be ſet wherever it ſhall be moſt convenient. 
For the purpoſe of merely removing a jar of air 


tom one place to another, where it is not to ſtand 
longer than a few days, I make uſe of common 


ta- diſbes, which will hold water enough ſor that 
time, unleſs the air be in a ſtate of diminution, by 
means of any proceſs that is, going on in it. 
If I want to try whether an animal will live in 
any kind of air, I firſt put the air into a ſmall veſ- 
ſel, juſt large enough to give it room to ſtretch it- 


ſelf; and as I generally make uſe. of mice for this 


purpoſe, I have found it very convenient to uſe the 


hollow part of a tall becr-glas, 4 Fig, 1, which 


_— between two. and-three ounce meaſures: of 

In this veſſel a mouſe will live twenty minutes, 
eee 

For the pumpe af theſvexperiexcans ite dt n 


venient to catch the mice in ſmall wire traps, out of 
Which it is eaſy to take them, and, holding them by 


the back of the neck, to paſs. them through the 
water into the veſſel which contains the air. If I 
expect that the mouſe will live a conſiderable time, 
I take care to put into the veſſel ſomething on 
which it wg conveniently. ſit, out of the reach of 
the water. If the air be good, the mouſe will 


Joon be perfectly at its eaſe, having ſuffered no- 
thing by its paſſing through the water. If the 
| | a TE 
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air be to be noxious, it will be proper (if 
the operator be deſirous of preſerving the mice for 
farther ue) to keep hold of their” tails, chat they 
may be withdrawn as ſoon as they begin to ſhew 
. figns of uneafineſs/; but if the air be thoroughly 
noxious, and the mouſe happens to get a full in- 
ſpiration, it will be impoſſible wann 
abſoturely irrecoverable. 

In order to ka the mice, AY Seach 
ceivers open at the top and bottorn, ſtanding upon 
plates of tin perforated with many holes, and co 
vered with other plates of the ſame kind, held 
down by ſufflcient weights, as Pl L. fig. 3. Theſe tc. 
ceivers' ſtand upon a fi am- ef weed, th the freltv 
aty may have am opportunity of geting to the bot. 
toms. of them, and cireulating ub chern Iv | 
readies popures: why wh 
every two or three: days. 1 
done by having another receiver, ready cleaned and 
prepared, into which the mice e ene 
till the other ſhall be eleaned- | 
* rc 

for either much heat ot much cold kills therm preſentiy 
The place in which I have general kept chem, 
was à ſhelf over the kitchen fire- place, where; as 
it is uſual in Yorkſhire; the fire never goes out ; ſts 


that the heat 1 — and I find it to beg 
Vol. I. C | at 
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at a medium; about 70 degrees of Fahrenheit's- 
thermometer. When they had been made to paſs 
through the water, as they neceſſarily muſt be in 
order to a change oſ air, they require, and will bear, 


— ane 


dry them. LAB 
N. B. 1 found, to my great furpriz; inthe courſe 


theſe experiments, that mice will live intirely with 
out water; for though I have kept them for three 
or four months, and have offered them water ſeveral. 
times, they would never taſte it; and yet they con- 
tinued in perfect health and vigqur.- Two or three 
of them will live very peaceably together in the ſame, 
veſſel; though I had one inſtance of a mouſe tearing) 
another almoſt in pieces, and when there was 0 


of proviſions for both of them. ba econ 


In the ſame manner in which a monk is * 
aveilel. of any kind of air, a plant, or any thing 
elſe, may be put into it, viz. by paſſing it through, 
the water; and if the plant be of a kind that will, 
grow in water only, there will be no occaſion to ſet 
it in a pot of earth, which will otherwiſe be neceſſary. 


ſubſtance, ſolid or liquid, to which water muſt not 
be admitted, in a jar of any kind of air, which is 
an operation that I have ſometimes had recourſe to ; 


but eee res ce rt —"—_ 


1 
-, 


=”  - — = £-. n 


Se „ —» &© mw > 


* 


„„ d p —²—jé a 
] 


Seh. N. wh IM TAODBVe THOR. 19 


and a ſtrong wire thruſt through it, as in fig: 4; for 
in this form it will fifficiently fit the mouth of any 
phial, and by holding the phial in one hand, and 
the wire in the other, and plunging both my hands 
in the trough of water, I can eaſily convey the phial* 
through the water into the jar; which muſt either 
be held by an aſſiſtant, or be faſtened by ſtrings, 
with its mouth projecting over the ſhelf. ' When the 
phial is thus conveyed into the jar, the cork may 
eaſily be removed, and may alſo be put i into it again 
at pleaſure, and conveyed the ſame way out again. 
When any thing, as a gallipot, &c. is to be ſup- 
ported at a conſiderable height within a jar; it is con- 
venient to have ſuch wire fands as are repreſented fig. 
5. They anſwer better than any other} becauſe they 


take up but little room, and may be eaſily bended/to 


any ſhape or height. VII 

If I have occaſion to pour air from — with ; 
a wide mouth into another with a very narrow one, 
I am obliged to make uſe of a fumei, fig. 6; but 
by this means the operation is exceedingly eaſy ; fir 


filling the veſſel into which the air is to be conveyed | 


with water, and holding the mouth of it; together 
with the funnel,” both under water With orie hand, 
while the other is employed in pburing the air; 
which, aſcending through the funnel up into the veſ- 
ſel, makes the water deſcend, and takes its place. 
T heſe funnels are beſt made of glaſs, becauſe the air 


| being viſible through them, the quantity of it may 


8% be 
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be more eaſly eſtimated by the eye. It will be 
conrenicnd to have ſeveral of theſd funncls Halen 
ſizes. 

In order * ar from ſolid idee = 
rneans of heat, I ſometimes; put them into a gun- 
barrel, Pl. I. fig 7, and filling it up with dry ſand, 
that has been well burned, ſo that no air can come; 
from it, I lute to the open end the ſtem of a tobacco; 
pipe, or a ſmall glaſs tube. Ehen having put the 
aloſed end of the barrel, which contains the mate 
rials, into the fire, the generated air, iſſuing through 
the tube, may be received in a veſſel of quick - 
filver, with its mouth immerſed in a baſon of the 
ſame, ſuſpended all together hy wires, in the: manner 
deſeribed in the figure, or reſting on a ſulid ſupport: 
any other fluid ſubſtance: may be wat: inſtesd of 
| quickſilver. 

But the moſt accurate method of greeniay air 
8 ſeyeral ſubſtances, by means of heat, is to put 
chem, if they will bear it, into phials, ſuch as a, a, 4, 
Pl. IV. full of quickſilver, with their mouths im- 
merſed in the ſame, and then throwing; the focus 
of a burning mirror upon them. For thus purpoſe 

If I want to expel air from any liquid, I nearly 
fill a phial with it, and having a cork perforated; I 
put through it, . 
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tube, bended in the manner repreſented at e Pl. I. fig. 1. 
I then put the phial into a kettle of water, which I ſer 
upon the fire and make to boil. The air expelled 
by the heat, from the liquor contained in the phil, 
iſſues through the tube, and is recerved in a baſon 
of quickſilver. Inſtead of this ſuſpended baſon, 
I ſometimes content myſelf with tying a flac- 
cid bladder to the end of the tube, in both theſe pro- 
_ ceſſes, that it may receive the newly generated air. 
1 would obſerve, with reſpect to this proceſt, 
and evety other in which veſſels are to be filled 
with quickſilver, and then to be placed inverted in 
baſons of the ſame, that no operation is eaſier (un- 
leſs the mouth of the veſſel be exceedingly wide) 
when the mouth of it is covered with ſoft leather, 
and, if neceſſary, tied on with a ſtring, before it be 
curned upſide down ; and the leather may be drawn 
from under it when it is plunged in the quickſilver. 
If the mouths of the veſſels be very narrow, it will 
mu Oomrrens oepanitoage nar gd 
with the end of one's finger. 
But if the — Gen amy: been, 
will be atrrafted by mercury, as is the caſe with all | 
thoſe which contain the nitrous acid, this proceſs = 
vacuum; and for this purpoſe it is neceſſary that 
the operator be provided with receivers made very 
dat oe papel er Ae eee Such as 
"0:4, mw 4 are. 
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are commonly uſed for other experiments are much 
too thick for this purpoſe, being very liable to break 
with the application of the heat, produced by the 

burning lens. In this proceſs, care ſhould be taken 
to place the materials on glaſs, a piece of crucible, 
or ſome other ſubſtance that is known to ani no 
air by heat. 

The figure, 2 Pl. IV. bee phial 
with a ground ſtopper, with many ſmall holes in it, 
which was a happy contrivance of my ingenious pupil 
and friend Mr. Benjamin Vaughan. It is of excellent 
uſe ro convey any liquid, or even any kind of air, 
contained in it, through the water, into à jar ſtand- 
ing with its mouth inverted in it, without admitting 
any mixture of the common air, or even of the 
water; and yet the air generated within it has a 
ſufficient out- let. Theſe phials will be found uſe- | 
ful in a great variety of experiments. 
Tube figure c, repreſents a phial of the. ſame form 
with a; but the neck is thicker, in 6rder to be fitted 
with a ground ſtopper, perforated, | and drawn out 
into a tube, to be uſed inſtead of the phial e, 
Pl. I. Till 1 hit upon this contrivance, which 
was executed for me by the direction of Mr. Parker, 
I had a great deal of trouble in perforating common 
corks, bending and fitting tubes to them; and, after 
all, the corks themſelves, or the cement, with Which 

I generally found ut convenient to W 


f 
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the tubes, were apt to give way, and to be the occa- 
ſion of very diſagreeable accident. Beſides; if any 
hot acid was uſed, the vapour would corrodle the 
cork, and an allowance was to be made for the 
effect of that circumſtance on the air: whereas, with 
this apparatus, which is exceedingly convenient and 
elegant; the operator may be ſure that nothing but 
glaſs is contiguous to the materials he works upon, 
as he can perſectly exclude every other foreign in- 
Auenee; e eee ne it is never 
out of repair, or unfit for uſe. 5; 2 
For many purpoſes, esc enen | 
| with corks and tubes; will be found very ſufficient, 
and much leſs - expenſive ;eſpecially with the fluar | 
acid, which corrodes glaſs, and which will pteſently 
eat through one of theſe delicate - phials. For this 
purpoſe, therefore, I would-recommend. the uſe of 
a common and very thick phial, eſpecially. as no 
nn wy bee 
tion of heat, is wanted. 

The phial c, will his Wend send hg: 
poſe that does not require more heat than the flame 
of a candle held cloſe to the bottom of it, can ſup- 
phy: but if there be occaſion to place the phial in a 
ſand- heat, and conſequently if it muſt be put into a 
crucible placed on the fire, it will be neceſſary to 
have the tube, in which the ground ſtopper termi- 
nates, emen by gs 
C4 | yu. 
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Hes. II. 
3 Nine ge ewelve inches, however will 
be a ſufficient length for any purpoſ. 
1 have great —— mayiclf op/this 
apparatus, having found: it to be of moſt admirable 
uſe, For, in experiments with air, where the great- 
eſt poſſible accuracy is required, lutes are by no 
means to be truſted, fince a variety of -vapautrs, 
coming” into contact with them, are conſiderably 
tight, the operator may be perfectiy at caſe, both 
with reſpect to the quantity and the quality of his 
produce. To expreſs this proceſs as conciſely as 
poſſible, I generally allude to it, by» ſaying that the 
phials have ground foppers and. tubes. » hither | 
In experiments in which it is areal 
be: at the expence of theſe phials with ground ftop- 
pers and tubes, and yet where gun-barrels cannot 
be truſted to, on account of the materials corrading 
the iron, I have recourſe to a kind of long phial, or 
a tube made narrower: at the open end, nine or 
twelve inches in length, and of an equal thicknef 
throughout, repreſented Pl. IV. fig. d. When theſe 
phials are put into a crucible with ſand, the bottom 
may be made red-hot, while the top is ſo cool, that a 
common cork (into which a glaſs tube is inſerted) 
will not be affected by the heat. In fact, this voſſel 
——: 33 anes- 
21571 | 3 exactly 
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rr 
poſed to ſo great a degree of heat. ate 7 

Wpen the, materials ane put into dis weft. 
muſt be filled up to the mouth with fine ſand, that 
will give no air by the application of heat, and the 
cork muſt be thruſt down cloſe; upon the ſand. 
The air muſt be received as in plate g. fig. N. 
Theſe glaſs veſſels, however, will not bear a great 
degree of heat, and therefore by applying to Mr. 


of ſcience, as he is diſtinguiſhed by the wonderful 
improvements he has mads on his own beautiful art) 
J got earthen tubes and retorts, Which will bear any 
degree of heat, and being glazed, or not, as the oc- 
caſion requires, I have found them of the moſt | 


extenſive uſe in my experiments, 


of the goodneſs of air, it is of no {mall importance 
to have contrivances by which he may ſave time. 
Having, particularly, had frequent occaſion to mea- 
ſure the purity of air by means of nitrous air, in 
which it is ſometimes neceſſary ta put ſeveral mea- 
ſures of one kind to one meaſure of the other; and 
being wearied with taking all the meaſures ſeparate- 
ly, at length I hit upon the very uſcful expedient 
of having the meaſures ready made, | canſiſting of 
veſſels, the capacities of which had a knn pro- 
portion to each other, as f, % % PL IV. each veſſel 
ws ai as much as the ſize next leſs than it. 
I found 


* 


Wedgwood (who is as great, and generous a friend 
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1 found it likewiſe convenient to have the veſſels in 
which the mixture of air is made, fig. g, marked in 
a minner- correſponding to theſe phials, that the 
diminution of the air may be perceived at once, 
without the application of any meaſure. If one of 
theſe phials contain an ounce- meaſure, and the reſt 
| pi ret eee, of 4 oy it will be ſtill 
| Theres a. Aa variety Adee of mixing 
| nitrous and common air, in order to aſcertain the 
purity of the latter. But the manner in which I 
have now long been - accuſtomed to perform that 
operation is ſtill more ſimple, though it has nothing 
to boaſt of with reſpect to ingenuity, - It is neceſ- 
fary to deſcribe it, becauſe it is FO 44 
the greater part of this work. t 

I éfirſt provide a phial, eee 
of water, which I call the air meaſure. This I fill 
with air by having firſt filled it with water, and placed 
it over the opening of the funnel 'in my ſhelf; and 
when it is filled I ſlide it along the ſhelf, always 
obſerving that there be a little more air than I want. 
The phial being thus exactly filled with the air 
which I am about to examine, and care being taken 
that it be not warmed by holding in the hand, &c. 
I empty it into a jar about an inch and an half in 
diameter, and then introduce to it the ſame meaſure 
of nitrous air, and let them continue together about 
two minutes. I chuſe to have an overplus of 
POL TL. 7 nitrous 


: 
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nitrous air, that I may be ſure to have -phlogiſton 
enough to ſaturate all the common air. If I find 
che diminution with theſe meaſures to be very con- 
ſiderable, J introduce another meaſure of nitrous air; 
but the pureſt dephlogiſticated air will not, I believe, 
require more than two equal meaſures of nitrous air. 
Sometimes I leave the common and nitrous air 
in the jar all night, or a whole day; but always 
talce care that, whatever kinds of air I be comparing 
together, they remain the ſame ſpace of time be- 
fore I proceed to note the degree of diminuſion. 
If the two kinds of air be agitated on eoming into 
contact with each other, the diminution will be 
much greater; and therefore this coma 
ſhould always be expreſſed. - 5 

When the preceding part of che „ 18. over, 
I transfer the air into a glaſs tube, about two feet 


duated according to the air-meaſure, and divided 
into tenths and hundred parts; ſo that one of the 
Lene about a ſixth or an eighth of an inch. 
Then immerſing the tube in a trough of water, ſo 
that the water in the inſide of the tube ſhall be on a 
level with the water on the outſide, -I obſerve: the 
ſpace occupied by them both, and expreſs the reſult 
in meaſures,” and decimal parts of a —_— accord. 
Wh e e eee mp = 61 een 
; . 

ger . zpplicatio 


long, and one third of an inch wide, carefully gra- = 
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is extremely caſy. As it will ſeldom happen that 
2 glaſs tube is of an equal diameter throughout, I 
generally fill that part of the tube which contains 
one meaſure, with quickſilver, and then weighing it, 
and div xling it into ten parts, put chem in ſeparately, 
in order to mark the primary diviſions. This 
operation is performed very readily by having a 
glaſs tube drawn out to a fine orifice, in order to 
n at a time, 
as it may be wanted. 

Nenſuring the purity of reſpirable air, I mix with 
it an equal quantity of nitrous air, or if it be 
highly dephlogiſticated, beo equal quantities of 
nitrous air, which is always particularly mentioned 
in the courſe of this work: after this I transfer the 
mixture into a graduated tube. Conſequently a leſs 
number in the reſult is always an indication of greater 
purity. This number, in order to be as conciſe as 
| poſſible, I have in this work termed the meaſure of 
the teſt, or the flandard of the air. Thus, if when 
I mix two equal quantities of common air and 
- Nitrous air, they afterwards occupy the ſpace of one 
meafure, and two tenths of a meaſure, I ſay the 
meaſures of the te were 1. 2. or theſtandard of the 
air Was 1. 2. 

e the vir; de of which 
1 wanted to aſcertain, was exceedingly ſmall, ſo as 
to be contained in-a part of a glaſs tube, out of 
which water will not run ſpontaneouſly, I for- 
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merly had: recourſe to the following method; I: 
— — agib of” 
the column of air in the tube, the remaining part 
being filled with water, and laid it down upon a 
ſcale ; and then, thruſting a wire of a proper thick- 
neſs, into the tube, I contrived, by means of a 


thin plate of iron, bent to a ſharp angle, to draw it: 


out again, when the whole of this little apparatus 
was introduced through the water into a jar of nitrous: | 
air; and the wire being drawn out, the ain from ti 
jar muſt ſupply its place: I then | meaſured; d 
length of this column of ntrous air whick I had got 


ſo as to know the exact length of both the columns: 
After this, holding the tube under water, with 2 
ſmall wire L forced the to ſeparate columns of air 
into contact; and when they have been ſufficient 
time togetherʒ I meaſured the length of tlie hob, 
and compared ĩt with the length of hottu the oui 
taken before: But I. now have tubes made 


very ſmall for: this purpoſe; and - a>: longer” tube; 


graduated in proportion, which I uſecas I do the 

larger veſſels when the cons, of . air bs; ſuf⸗ 

ficient, 2-160 
In experiments on tho” 1 mti 

readily imbibedꝭ by water, I oſten make ufeiofiquacks- 

ſilver, in the manner repreſented PL Ib. fig: 8; in 

which. à is the baſon of quickſilver, & a glaſs v 
$2 v7 | „ Con- 
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containing quickliver, with its! mouch iminerſed in 
It, c a plüal containing the ingredients from which 
the air is to be produced and l is a ſmall recipient, 
or glaſs veſſel deſigned to receive and intercept any 
liquor that may be diſcharged along with the air, 
which is to be tranſmitted free from any moiſture" 
into the veſſel 5. If there be no apprehenſion of 
moiſture, I make uſe of the glaſs tube only, without 
1 any recipient, in the manner repreſented Pl. I. 
i" In order to invert the veſſel 5, I firſt fill it with 
Fs quickſilver, and then carefully cover the mouth of 
it with a piece of ſoft leather; after which it may 
be turned upſide down without any danger of ad- 
| mitting the air, and the leather may be withdrawn 
when it is plunged in the quickſilver. o 200 11 
In order to generate air by the ſolution of metals, 
or any proceſs of a ſimilar nature, I put the materials 
into a phial, prepared in the manner repreſented at e 
Pl. I. and put the end of the glaſs tùbe under the 
= of any veſſel into which I want to convey. 
If heat be neceſlary I canieaſily. apply to 
2 or a red Bot Feen Wan in 
this poſition. ins 2 
When 1 hive a to 1 air OE: a z 
ſtanding in the trough of water to à veſſel ſtanding 
in quickſilver, or in any other ſituation whatever, 
I make uſe of the contrivance repreſented Pl. I. fig. g; 
which - conſiſts of a bladder, furniſhed at one end 
Wt 2 with 
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with a ſmall glaſs tube bended, and: at dhe other : 
with a cork; perforatediſo.as juſt to admit the ſmall! | 
end of a funnel, When the common air is cate»; 
fully preſſed out of this bladder, and the funnel. is 
thruſt tightly into the cork, it may be filled with 
any kind of air as eaſily as a glaſs jar; and then a 
ſtring being tied above the cork in which the funnel- 
is inſerted, and the orifice in the other cork. cloſed, 
by preſſing the bladder againſt it, it may be carried 
to any place, andi if the tube be carefully wiped, tho 
air may be conveyed quite free from moiſture. 
through a body of quickſilver, or any thing elſe. 
A little practice will make this very uſeful manceuvre 
perfectly eaſy and accurate. But I find it more 
convenient to have a ſmall braſs cock, to thruſt into 
the cork, e which the * is | introckured.! __ 
the bladder... , 
In order to impregnate guide wich any kind;of 
air, as water with fixed air, I fill a Phial with the 
fluid larger or leſs as I have occaſion (as a Pl. l fig. 10) 
and then, inverting it, place it with its mouth down- 
wards, in a bowl S, containing a quantity of the ſame 
fluid; and having filled the bladder, fig. 9, With 
the air, I throw as much of it as J think proper 
into the phial, in the manner deſcribed above. To 


top of the Pas Ard. ſhake it as much 3 


oper if 
Pr . * | $57; ©5758 þ 4 0 n 5 


N accelerate the impregnation, I lay my hand on the 
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- I without having any air previouſly generated, 
I would convey it into the fluid immediately as it 
ariſes from the proper materials, I keep the ſame 
bladder in connexion with a phial c fig. 10, con- 
taining the ſame materials (as chalk, ſalt of tartar, or 
pearl aſhes in diluted oil of vitriol, for the genera- 
tion of fixed air) and taking care (left, in the act of 
efferveſcence, any of the materials in the phial c 
ſhould get into the veſſel 2) to place this phial on 
4 ſtand lower than that on which the baſon was 
placed, I preſs out the newly generated air, and 
make it aſcend direftly into the fluid. For this 
purpoſe, and that I may more conveniently ſhake 
che phial c, which is neceſſary in ſome proceſſes, 
eſpecially with chalk: arid oil of vitriol, I ſometimes 
make uſe of a flexible leathern tube 4, and ſome- 
times only a glaſs tube. For if the bladder be of 
a ſufficient length, it will give room for the agita- 
tion of the phial; or if not, it is eaſy to connect 
two bladders together by means of a perforated 
cork, to which they may both be faſtened. 

When I want to try whether any kind of air 
will admit a candle to burn in it, I make uſe of a 
cylindrical glaſs veſſel, Pl. I. fig. 11, and a bit of wax 
candle a fig. 12, faſtened to the end of a wire 5, 
and turned up, in ſuch a manner as to be let don 
into the veſſel with the flame upwards. The veſſel 
ſhould be kept carefully covered till the moment 

that 
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that the dandle is admitted. In this manner I have 
frequentty extinguiſhed a a candle more than twenty 
times ſocceſfively, in veſſel of this kind, though 
it is impoſſible to dip the candle into it without 
giving the external air an opportunity of mixing 
with the air in the inſide more or leſs. The can- 
dle at the other end of the wire is very conveni- 
ent for holding under a jar ſtanding in water, in 
order to burn as long as the incloſed air can ſupply 
it; for the moment that it is extinguiſhed, it may 
be drawn through the watery before any ſmoke. can 
Inkeder nie wir ode of u. Unt which tes 
its mouth immerſed in water, and thereby to raiſe 
the water to whatever height may be neceſſary, it 
is very convenient to make uſe of a glaſs fyphor, 
putting one of the legs up into the veſſel, and 
drawing the air out at the other end by the 
mouth. If the air be of a noxious quality, it may 
be neceſſary to have a ſyringe faſtened to che ſyphon, 
the manner of which needs no explanation. I haye 
not thought it ſafe to depend upon a valve at the 


made uſe of. | 
a however, a very ſimall hole be made a the cop 


of a glaſs veſſel; it may be filled to any height by 
holding it under water, while the air is iſſuing out at the 
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hole, which may then be cloſed with wax or cement. 
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If the generated air will neither be abſorded- by 
water, nor diminiſh common air, it may be con- 
venient to put part of the materials into a cup, 
fupported by a ſtand, and the other part . into a 
; ſmall glaſs: veſſel, placed on the edge of it, as at 
F Pl. I. fig. 1. Then having, by means of a ſyphon, 
drawn the air to a convenient height, the ſmall 
'glafs veſſel may be eaſily puſhed into the cup, by 
a wire introduced through the water; or it may 
be contrived, in a variety of ways, to diſ- 
charge the contents of the ſmall veſſel into the 
larger. The diſtance between the boundary. of air 
and water, before and after the operation, will ſhew 
the quantity of the generated air. The effect of 
proceſſes that diminiſh. air _ alſo be 1 155 — 
ſame apparatus. 

When I want to admit eee 
to any thing that will not bear wetting, and yet 
cannot be conveniently put into a phial, and eſpe- 
cially if it be in the form of a powder, and muſt 
be placed upon a ſtand (as in thoſe experiments 
in which the focus of a burning mirror is to be 
thrown upon it) I firſt exhauſt a receiver, in which 
it is previouſly placed; and having. a glaſs tube, 
bended for the purpoſe, as in Pl. II. fig. 14, J 
- ſcrew it to the ſtem of a transfer of the air-pump 
on which the receiver had been exhauſted, and 
- Introducing it through the water into a jar of that 


Sea. III. 
kind of air with which I would fill the receiver, 
I only turn the cock, and I gain my purpoſe. In 
this method, however, unleſs the pump be very 
and ſeveral contrivances, too minute to be 
particularly deſcribed, be made uſe of, a good 
deal of common air will get into the receiver. 

In order to take the electric ſpark in a quantity 
of any kind of air, which muſt be very ſmall, to 
produce a ſenſible effect upon it, in a ſfiort time, 
by means of a common machine, I put a piece of 
wire into the end of a ſmall tube, and faſten it with 

hot cement, as in Pl. II. fig. 16 ; and having got the 

air I want into the tube, I place it inverted in a baſon 
containing either quickſilver, or any other fluid 
ſubſtance by which I chuſe to have the air con- 
fined. I then, by the help of the air-pump, drive 
out as much of the air as I think convenient, ad- 
mitting the quickſilver,  &c: to it, as at a, and 
putting a braſs ball on the end of the wire, I take 
the ſparks or. ſhocks upon it, and-thereby- tranſ- 
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mit them through the air to the mne in e 


tube. 


To take the electrie ſparks in any kind of fluid, 
as oil, &c. I uſe the ſame apparatus deſcribed 
above, and having poured into the tube as muh 

of the fluid as I conjecture I can make the electric 
{park paſs through, 1 fill the reſt with quickfilver; 
and placing it inverted in a baſon ot Oy 
I take the ſparks as before, | 
D 2 bs 11 
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Tf air be generated very faſt by this proceſs, 
| 1 uſe a tube that is narrow at the top, and 
grows wider below, as fig. 17, that the quickſilver 
may not recede too foon DENSE ſeriking dif- | 
tance. 
Sometimes I have uſed a different apparatus for 
this purpoſe, repreſented fig. 18. Taking a pretty 
wide glaſs tube, hermetically ſealed at the upper 
end, and open below; at about an inch, or at 
what diſtance I think convenient from the top, I 
get two holes made in it, oppoſite to each other. 
Throvgh theſe I put two wires, and faſtening them 
with warm cement, I fix them at what diſtance I 
pleaſe from each other. Between theſe wires I 
take the ſparks, and the bubbles of air riſe, as 
they are formed, to the top of the tube. 
I have found it very convenient to have a number 
of glaſs veſſels, ſuch as repreſented PL V. fig. 2, for 
the purpoſe of making a quantity of air paſs through 
a body of water, or any kind of fluid, or any fub- 
ſtance in the form of powder; the air entering by 
the tube which goes to the bottom of the veſſel, 
and being delivered by that which is inſerted only at 
the top. I alſo found it neceſſary to have theſe veſ- 
ſels of various ſizes, the largeſt containing about a 
pint, and the ſmalleſt about half an ounce meaſure of 
water. The larger end of this veſſel I have generally 
Cloſed with a cork, and cement; but I ſometimes 
found it neceſſary to have this part alſo of glaſs, 
ö 7 +: Sith 


aw. 4 


| wich only two ſmall perforations, for the inſertion of 
_ glaſs tubes. 


| exclude all cement, and every kind of luting, from 
an apparatus of this kind; having had. all the glaſs 
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I have frequently kad occaſion. to aoho wit et's 
great number of theſe: veſſels at the ſame time, fo 


diſpoſed, a thad the farce aiv might: paſii through * 


them all in fucceſſion, in the manner repreſented, 
fig. 3. 
In ſome caſes, however, I found it neceſſary ta 


tubes fitted to their ſeveral holes by grinding. 


this makes the apparatus very Wt 
ally the repairs of it. 


Annexed to the laſt-mentioned apparatus, is a 


long phial, a fig. 3, with a tube fitted to it by grind- 
ing, and bent, ſo as to diſcharge the air, or vapour, 
iſſuing from it, downwards. This kind of phial E 
have generally uſed for my experiments with nitrous . 

vapour. The phial is deep, in order to admit a 
ſudden and violent efferveſcence without the danger 
of the liquor being thrown over, and the tube ſhould 
be long enough, to go to the bottom of any veſiel 


_ in which the vapour is to he delivered. 


In diſtilling ſpirit of nitre, I have generally made uſe 
of the apparatus repreſented Pl. V. fig. 4, which was 
invented by Mr. Woulfe,. conſiſting; of a-retort a, an 
adopter, if neceſſary, 5, anda receiver c, with two 
orifices; e * 
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and the other e, to ſerve as an outlet for the ſuper- 


abundant vapour ; which, paſſing through the glaſs 
tube 7, may impregnate the water in the baſon g. 

Pl. III. fig. 4, repreſents a cylindrical veſſel made of 
tin, incloſing another of iron wire. In the outer veſſel 


a charcoal fire may be made, ſurrounding the inner 


cylinder, which, being open at the bottom, will 


admit the upper part of a glaſs jar, ſupported in 


whatever manner the operator may find moſt con- 
venient. Thus a jar, with the air, &c. contained 
in it, may be heated as much as the glaſs will bear, 
without giving more heat than is neceſſary to the 
lower part of it. In this manner alſo, an equal de- 
gree of heat may be givent to every fide of the rer 
part of the glaſs. 3 

Pl. III. fig. 5, explains the manner in which I inks 
an electrical exploſion paſs through any ſubſtance in 
the form of vapour. It repreſents a glaſs ſyphon, 
in each leg of which is an iron wire, of ſuch a length, 
that there ſhall only be about half an inch between 
the heads of them. The ſyphon muſt be filled 


with mercury, and each of the legs inſerted in ſepa- 


rate baſons, alſo containing mercury. Aſter this, 
the ſubſtance may be introduced into the ſyphon dy 
means of a glaſs tube, and, being lighter, it will 
take its place in the bend of the ſyphon; which 
may then be placed near the opening of a ſmall furs 
nace, or in the apparatus deſcribed fig. 3, when whats 
L ever 


* 
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ever lodges in the upper part of the ſyphon will be 
converted into vapour, and the exploſion will be 
made in it by making the ſyphon part of an electri- 
cal circuit. Mercury itſelf may be converted into 
vapour in the ſame manner. 

It may be worth while to give a ſhort account of 
the earthen jar, in which I made many of the ex- 
periments on the growth of plants in different kinds 
of air, recited in this volume; and a bare inſpection 
of Pl. VI. fig. 1, will be almoſt ſufficient for this 
purpoſe. 

The jar was ibout eighteen inches in i diameter at 
the top, and of the ſame depth. It was placed in 


an open expoſure in the garden, and ſticks were 
thruſt into the earth in a perpendicular poſition, 
quite round it ; and to theſe ſticks glaſs jars, filled 
with water, with their mouths inverted in the water 


of the earthen jar, were faſtened by ftrings. After 


I had introduced into one of theſe jars any particular | 


kind of air, I afterwards drew through the water, 
and put into it, any plant, the top and leaves of 


which I wiſhed to expoſe to it; ſupporting the root 


or ſtalk at a proper height in the earthen jar, if I 


found that any ſuch ſupport was neceſſary. In ſome 


caſes it will be found that the top of the plant was in 


one jar, and the root or ſtalk in another; which it 
was not at all difficult to do. 


D 4 Fig. 
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PL VI fig. 2, repreſents the inſtrument by-which.L 
endeavoured to aſcertain the conducting power of dif- 
ferent kinds of air with reſpect to heat. It conſiſts 
of a glaſs bulb open at both ends, ſo that I could ea- 
fily faſten a thermometer with its bulb in the center 
of it, where it would be ſurrounded. by any kind; of 
air, introduced into it after it had been. previouſly. 
filled with mercury, The manner in which the ex- 
periments were made is ſufficiently deſcribed | in the 
account of them. 

Pl. VII. fig. 1, is a view of the apparatus with 
which the principal experiments relaung to the ſeem- 
ing converſion of water into air were made. It 
conſiſts of an earthen veſſel, the bulb. of which, con- 
taining moiſtened clay, is fixed in the inſide of 4 
glaſs veſſel, through which the heat of a burning lens 
may be thrown upon it; while the inſide has a com- 
munication with a baſon of water, or mercury, in 
which veſſels may be placed to receive the air that 
is forced through the body of the earthen veſſel; 
while the water, or mercury, in the baſon in which 
the glaſs veſſel ſtands, riſes within it, to wupply the 
place of that air. 

Pl. VII. fig. 2, ſhews the diſpoſition of the apparatus 
by which ſteam is tranſmitted through a red-hot tube, 
containing iron, &c. with a crm tub to collect the 
ſuperfluous water, &c. and a veſſel to receive the 

f air 
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air that is produced, This veſſel is here drawn 
yery ſmall, that it might not take up much room 
in the plate ; but I have generally uſed a large 
trough for this purpoſe, and jars of conſiderable 
ſize to receive the air. Inſtead of the ſmall furnace 
to heat the water, &c. I now uſe one of My. A 
gond's lamps, which is, on ſeveral accounts, a very 
valuable addition to a chemical apparatus. Fig. 6, 
repreſents the method of receiving the air in this 
proceſs under a funnel, fixed: in a trough of water, 
which may. be uſed when large balloons are filled, 
and when no account is taken of any water un is 
condenſed in the proceſs. 

Fig. 4. repreſents a large glaſs balloon, in which 
inflammable air, iſſuing from the orifice of a ſmall 
tube, burns like a candle, while the water produced 
by the proceſs is collected in the inſide of it. 

Fig. 5, repreſents a ſtrong cylindrical. glaſs veſ- 
ſel, in which inflammable and dephlogiſticated air 
may be fired. It is furniſhed with a wooden cap, 
firmly cemented t the open end of it, and cloſed 
with a ſcrew, and two iron wires are inſerted at the 
top of it, between which an electric . can be 
taken. 


AD VER. 


ADVERTISEMENT... 


H E weights mentioned in the courſe of this trea- 
 tiſe are Troy, and what is called an ounce 


meaſure of air, is the ſpace occupied by an ounce weight 
of water, which is equal to 480 grains, and Is, 
therefore, almoſt two cubic inches of water ; for one 
cubic inch weighs 254 grains. Having ſometimes uſed 
the penny-weight, it may be neceſſary to acquaint Fo- 
reigners, that 24 grains are a penny-weight, that 20 
of ſuch penny-weights make an ounce, and 12 ounces a 
pound. | 0 


The ſame ounce Troy, is, by Apothecaries, divided 
into eight drams, each dram into three ſcruples, and 


* 


the ſcruple into twenty grains. 


BOOK L 
OBSERVATIONS AND EXPERIMENTS RE- 
LATING TO FIXED AIR. 
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N 
OF THE nxLarion OF FIXED AIR TO WATER. 
p———— —— 
: SECTION LI. 
| Of 1 the impregnation of water with fixed air. 


T was in conſequence of bring for films time in 
the neighbourhood of a public brewery, a little 


after Midſummer in 1767, that I was induced to | a 


make experiments on fixed air, of which there is 
always a large body, ready formed, on the ſurface 

of the fermenting liquor, generally about nine inches, 
or a foot, in depth, within which any kind of ſub- 
ſtance may be very conveniently placed; and though, 
in theſe circumſtances, the fixed air muſt be conti- 
nually mixing with the common air, and is there- 


5 
4. i 
7745 
LS. i: 
Ls ; 
4H, 
\ 1 
5 
k i 
te * 
ids 
2; F; 
' / 4 
—_ 
14 
3&6 , 
* bis 
2 
a | 
U 11 
N "13 
# 
5 ; 
5 T0 
0 
<1 ö 
1 
1 
4:4 
64 
=. 
71 ; 
#: al 
1 
1 
ee 
N. [ 
47 5 
WE . 
, 7 
6 9 .& 
. — 
4 44 
1 7 4 
N 13 
1 N. LF" 
1 
0 1 
. „ 4 
- "my 
181 
my 
+ > # 
4 : 
+F 
5 
799 
1 
1 v4 
A. . 
8 
iv 
. 
: 
| , 
] 
bi 
4 
WW 
. 
wy: 


— 
0. ” AF — 


2 = _— 
> >" 3 — —— 


ma. EE 


— 2 — ds o — — — = 
— — L 
_ — — ee 1 5 7 *s- As - 
2 — _ — _ — 2 q 
2 * — 
- — 2 — 
my — — _ 


— 


. Hons — 
— 5 * Pp . 
* - St 
— 8 
* r 7 

— * 


* 
— ——.— < 


= - . * _ we — " 
— hs, 4 "A by — " "a 
2 1 1 2 —— 
— — 0 9 
- = OS » OED 
; 
£ 


pw x 
ILY _ 


— — r — — _ - 
2 re I — EO >. 


—_—_ — —— — — — 


— —— — 


* 2 
- » % 
- —— 
— 8 
- gs 22 
2 


44 OBSERVATIONS ON FIXED AIR. Part J. 


fore far from being perfectly pure, yet there is a 
conſtant freſh ſupply from the ſermenting liquor, 
and it is pure enough for many purpoſes. 

A perſon, who is quite a ſtranger to the properties of 
this kind of air, would be agreeably amuſed with extin- 
guiſhing lighted candles, or chips of wood in it, as 
it lies upon the ſurface of the fermenting liquor. For 
the ſmoke readily unites with this Kind of air, pro- 
| bably by means of the water which 1t contains ; fo 
that very little or none of the ſmoke will eſcape into 

the open air, which is incumbent upon it. It is re- 
markable, that the upper ſurface of this ſmoke, 
floating in the fixed air, is ſmooth, and well defined; 
whereas the lower ſurface is exceedingly ragged, ſe- 
veral parts. hanging down to a conſiderable diſtance 
within the body of the fixed air, and ſometimes in 
the form of balls, connected to the upper ſtratum 
by ſlender threads, as if they were ſuſpended. The 
mmol is alſo apt to form itſelf into. broad: flakes, 
parallel to the ſurface of the liquor, and-at different 
diſtances from. it, exactly like clouds. Theſe ap- 
pearances will ſometimes continue above an hour, 
with very little variation, When this fixed air is 
very ſtrong, the ſmoke of a ſmall quantity of gun- 
powder fired in it will be-wholly retained by it, no 
| par eſcaping. into the common air. 

Making an agitation in this air, the ſurface of it 
| (hich ſtill continues to-be exactly defined) isthrown 
| into 
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ines the Wm of. wives, which is very amuling to 
look upon; and if, by this agitatien, any of the 
Fixed air be thrown over the fide of the veſſel, the 
ſmoke, which is mixed with ie, will fall to che 
ground, as if it was To much Water, the fixed air 
being heavier chan common air. 

Fixed air Abe ot knee ibn Wh EiShithich ur. 
Indeed if it did, it could not be eaught upon the 
ſurface of the fermenting quer. A candle put under 
a large receiver, and immediately plunged very deep 
below the ſurface of the fixed air, will burn ſome time. 
But veſſels with the ſmalleſtorifices, hanging with cheir 
mouths downwards in the fixed air, will in time have 
the common air, which they contain, perfectly i- 
ed with it. When the fermenting liquor is Con- 
rained in veſſels cloſe covered up, the fixed air, on 
removing the cover, readily aff@s the common air 
which is contiguous to it; ſo that, candles held at 
a conſiderable diſtznce above the ſurſace will inftantly 
go out. I have beth told by the workmen, that 
this will ſometimes be the caſe, when the candles 
are held two feet above the mouth of the veſſel. 

Fixed air unites with the ſmoke of roſin, fulphur, 
and other electrical ſubſtances, as well as with the 
vapour of water. | 

1 alſo held ſome oil of vitriol in « glaſs veſt 
within the fixed.air, and by plunging a piece of red- 
hot glaſs into it, raiſed a copious and thick fame, 

| 2 y This 
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This floated. upon the ſurface of the fixed air like 
other fumes, and continued as long. Rp 
Conſidering the near affinity between water and 
fined air, I concluded that if a quantity of water 
was placed near the yeaſt of the fermenting liquor, 
it could not fail to imbibe that air, and thereby ac- 
quire the principal properties of Pyrmont, and ſome 
other medicinal mineral waters. Accordingly, I 
found, that when the ſurface of the water was con- 
ſiderable, it always acquired the pleaſant acidulous 
taſte that Pyrmont water has. The readieſt way of 
impregnating water with this virtue, in theſe cir- 
.cumſtances, is to take two veſſels, and to keep 
pouring the water from one into the other, when 
they are both of them held as near the yeaſt as poſ- 
ſible; for by this means a great quantity of ſurface 
is expoſed to the air, and the ſurface is alſo conti- 
nually changing. In this manner, I have ſome- 
times, in the ſpace of two or three minutes, made a 
glaſs of exceedingly pleaſant ſparkling water, which 
could hardly be diftinguiſhed from very good Pyr- 
mont, or rather Seltzer water, 
One would naturally think, that having actually 
impregnated common water with fixed air, pro- 
duced in a brewery, I ſhould immediately have ſet 
about doing the ſame thing with air let looſe from 
| chalk, &c, by ſome of the ſtronger acids. But, 
eaſy as the practice proved to be, no method of 


doing 
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doing it at that time occurred to me. I ſtill con- 
tinued to make my Pyrmont water in the manner 
above mentioned till I left that ſituation, -which was 
about the end of the fummer 1768; and from that 
time, being engaged in other ſimilar purſuits, I 
made no more of the P N water till the * 
of the year 177 . 

In the mean time I 1 all 0 friends 
with what I had done, and frequently expreſſed my 
wiſhes that perſons who had the care of large diſtil-. 
leries (where I was told that fermentation was much 
ſtronger than in common breweries) would contrive 
to have veſſels of water ſuſpended within the fixed air 
which they produced, with a farther contrivance for 
agitating the ſurface of the water; as I did not 
doubt but that, by this means, they might, with 
little or no expence, make great quantities of Pyr- 
mont water; by which they might at the ſame time 
both ſerve the public, and benefit themſelves. For 
I never had the moſt diſtant tha gen 
advantage of the ſcheme myſelf. g red 

In all this tune, viz.. from 1767 to ms; Jas. 
ver heard of any method of impregnating water 
with fixed air but that above mentioned. My think- 
ing at all of reducing to practice any method of 
effecking this, by air diſlodged from chalk, and other 
calcareous ſubſtances, was occaſioned by my hear- 
ing of Dr. Irving's method cf diſtilling ſea water 
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| viſed, in a ſmall pamphlet; the fubſtance of which, 
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for the uſe of the navy. For it occurred to me, that 
if ſeamen oould be taught a method of i impregnating 
that or any other water with fixed Air, it might be 
farther uſeful to ptevent, or to cure the ſea ſourvy, 
going upon Dr. nude idea of fixed uo baby 
an antiſeptic. 7 
Mentioning this vio to Sir -Grorge - Suville, 
the introduced ire to Lord Sandwich, then at the 


head of the -admiralty, who procured an order for 


the college of phyſicians to examine it. As they 
were pleaſed to recommend the trial of i it, I drew 
up an account of the method which I had then de- 


as it is no 8 VE 1 inſert here. 


DireBtins fo imprognating water with fixed air. 
If water be only in contact with fixed air, it will 


| begin to imbibe i it, but the mixture is greatly acce- 
lerated by agitation, which 1s continually bringing 


freſh particles of air and water into contact. All 
that is neceſſary, therefore, to make this proceſs ex- 


- peditious and effeCtual, is firſt to procure a ſufficient 


quantity of this fixed air, and then to contrive a 
method by which the air and water may be ſtrongly 


_ agitated in the ſame veſſel, without any danger of ad- 


mitting the common air to them; and this is eaſily done 
2 . any: veſſel with water, and introducing 
the 
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the fixed air to it, while it ſtands inverted in anether 
veſſel of water. | 

Take therefore a glaſs veſſel, &, Pt. VIII. fig. I. 
with a pretty narrow neck, but ſo formed, that it 
will ſtand upright with its mouth downwards (or-it 
may be ſupported as in Pl. III. fig. 3) and having 
filled it with water, lay a flip of clean paper, or thin 
paſteboard upon it. Then, if they be preſſed cloſe 
together, the veſſel may be turned upſide down; 
without danger of admitting common air into it; 
and when it is thus inverted, it muſt be placed in 
another veſſel, in the form of a bowl or baſon, 5, 
with a little water in it, ſo much as to permit the 
flip of paper or paſteboard to be withdrawn, and the 
end of the pipe c to be introduced, | 

This pipe muſt be flexible, and air-tight, for which 
purpoſe it is, I believe, beſt made of leather, ſewed 
with a waxed thread, in the manner uſed by ſhoe= 
makers. Into each end of this pipe a piece of a 
quill, or tube of tinned iron, ſhould be thruſt, to 
keep them open, while one of them is introduced 
into the veſſel of water, and the other into a cork, 
which muſt be perforated, and fitted to a veſſel e, 
two thirds of which ſhould be filled with chalk, or 
pounded marble, well covered with water. 


Things being thus prepared, and che veſſel con- 
_ raining the chalk and water being detached from 
the veſſel of water, pour a little oil of vitriol upon 
the chalk and water, and put the cork into the 

Vol. I. 1 bottle 
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bottle a little time after the efferveſcence has be- 
gun; and then introduce the end of the pipe into 
the mouth of the veſſel of water, as in the drawing, 
| and, if neceſſary, agitate the chalk and water briſk- 
ly. This will preſently produce a conſiderable 
quantity of fixed air, which will force its way 
through the pipe, and aſcend into the veſſel. of 
water, the water at the fame time ener. and 
coming into the baſon. | 
When about one half of the water is forced out, 
let the operator lay his hand upon the uppermoſt 
part of the veſſel, and ſhake it as briſkly as he can, 
and in a few minutes the water will abſorb the 
air; and taking its place, will nearly fill the veſſel 
as at the firſt, Then ſhake the phial containing 
the chalk and water again, and force more air in- 
to the veſſel, till, upon the whole, about an equal 
bulk of air has been thrown into it. Alſo ſhake 
the water as before, till no more of the air can be 
imbibed.. As ſoon as this is perceived to be the 
caſe, the water is ready for uſe; and if it be not 
uſed immediately, ſhould be put into a bottle as-ſoon 
as poſſible, well corked, and cemented. . It will 
keep, however, very well, if the bottle be only, well 
corked, and kept with the mouth downwards, 
In general, the whole proceſs does not who: up 
more than about a quarter of an hour, the agitation 
not five minutes; and in nearly the fame time 


might a veſſel of water, containing two or three 
1 gallons, 


J 
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gallons, or indeed any quantity that a perſon could 
well ſhake, be impregnated with fixed air, if the 
phial containing the chalk and oil of vitriol, be 
larger in the ſame proportion. 8 N 

To give the water as much air as it can receive 
in this way, the proceſs may be repeated with the 
water thus impregnated. I generally chuſe to do 


it two or three times, but very little will be gained 


by repeating it oftener ; ſince, after ſome time, as 
much fixed air will eſcape from that part of the 
ſurface of the water which is expoſed to the com- 


mon air, as can be imbibed from within the veſſel. 


The preſſure of the atmoſphere aſſiſts very con- 


fiderably in keeping fixed air confined. in water; 
for in an exhauſted receiver, Pyrmont water will 
abſolutely boil, by the copious diſcharge of its air. 


This is alſo the reaſon why beer and ale froth ſo 

much in vacuo. I do not doubt, therefore, but 
that, by the help of a condenſing engine, water 
might be much more highly impregnated with the 


virtues of the Pyrmont ſpring; and it would not 


be difficult to contrive a method of doirig it. 

All calcareous ſubſtances contain fixed air, and 
any acids may be uſed in order to ſet it looſe from 
them ; but pounded lime ſtone, or the ſawings of 


marble, and oil of vitriol are, both of them the 
. cheapeſt, and, aps eke 
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I ſhould think that there can be no doubt, but 


that water thus impregnated with fixed air muſt 


have all the medicinal virtues of genuine Pyrmont 
or Seltzer water; ſince theſe depend upon the 
fixed air they contain. If the genuine Pyrmont 
water derives any advantage from its being a na- 


tural chalybeate, this may alſo be obtained by pro- 


viding a common chalybeate water, and uſing it 
in theſe proceſſes, inſtead of common air. | 

If any perſon. would chuſe to make this medi- 
cared water more nearly to refemble genuine Pyr- 
mont water, Sir John Pringle informs me, that 
from eight to ten drops of Tm#ura Martis cum 
ſpiritu ſalis muſt be mixed with every pint of it. 
It is agreed, however, on all hands, that the pecu- 
har virtues of Pyrmont, or any other mineral water 


which has the ſame briſk or acidulous taſte, depend 


not upon its being a chalybeate, but upon the fixed 
air which it contains. 

But water impregnated with fixed air 4oes of i it- 
ſelf diſſolve iron, as the ingenious Mr. Lane has 
diſcovered; and iron filings put to this medicated 
water. make a ſtrong and agreeable chalybeate, 
fimilar to ſome other natural chalybeates, which 
hold the iron in ſolution by means of fixed air 
only, and not by means of any acid; and theſe 


cChalybeates, I am. informed, are * the _—_ 


GY to the ſtomach. 


2 By 


* 
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By this proceſs may fixed air be given to wine, 
beer, and almoſt any liquor whatever: and when 
beer is become flat or dead, it will be revived by 
this means; but the delicate agreeable flavour, or 
acidulous taſte communicated by the fixed air, and 
which is manifeſt in water, will hardly be perceived 
in wine, or other liquors which have n taſte 
of their own. 

I would not interfere with the province of the 
phyſician, but I cannot intirely ſatisfy myſelf with- 
out taking this opportunity to ſuggeft ſuch hints 
as have occurred to myſelf, or my friends, with re- 
ſpect to the medicinal uſes of water impregnated with 
fixed air, and alſo of fixed air in other applications. 

In general, the diſeaſes in which water impreg- 
nated with fixed air will moſt probably be ſervice- 


able, are thoſe of a. putrid nature, of -which kind 


is the ſea-ſcurvy. It can hardly be doubted, alſo, 
but that this water muſt have all the medicinal 


virtues of Pyrmont water, and of other mineral | | 


waters ſimilar to it, whatever they be; eſpecially 
if a few iron filings be put to it, to render it a 
chalybeate, like genuine Pyrmont water. It is 
poſſible, however, that, in ſome caſes, it may be 
deſirable to have the fixed air of Pyrmont . 
without the iron which it contains. 

Having this opportunity, I ſhall alſo hint the 


application of fixed air in the form of elyſfters, 


hich cccurred: en coe.;while n, Gag 
r this 
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this ſubject, as what promiſes to be uſeful to cor- 
rect putrefaction in the inteſtinal canal, and other 
parts of the ſyſtem to which it may, by this chan- 
nel, be conveyed. It has been tried once by Mr. 
Hey, of Leeds, and the recovery of the patient 
from an alarming putrid fever, when the ſtools 
were become black, hot, and very fetid, was ſo 
circumſtanced, that it is not improbable but that 
it might be owing, in ſome meaſure, to thoſe cly- 
ſters. The application, however, appeared to be 
perfectly eaſy and ſafe. - Alſo Dr. Warren, of 
; Taunton, adminiſtered fixed air in the ſame manner, 
with the moſt happy effect. 

I cannot help thinking that fixed air might be 
applied externally to good advantage in other caſes 
of a putrid nature, even when the whole ſyſtem 
was affected. There would be no difficulty in 
placing the body ſo, that the greateſt part of its 
farface ſhould be expoſed to this kind of air; and 
if a piece of putrid fleſh will become firm and 
ſweet in that ſituation, as Dr. Macbride found, 
fome advantage, I ſhould think, might be expected 
from the ſame antiſeptic application, aſſiſted by the 
vis vite, operating internally, to counteract the 
ſame putrid tendency. Some Indians, I have been 
informed, bury their paticnts, labouring under pu- 
trid diſeaſes, up to the chin in freſh mould, which 
is alſo known to take off the fœtor from fleſh meat 
beginning to putrify. If this practice be of any 
. | | uſe, 


* 
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uſe, may it not be owing to the fixed air imbibed 
by the pores of the ſkin in that ſituation ? 8 

Being no phyſician, I run no rifque by throw- 
ing out theſe random hints and conjectures. 1 
hall think myſelf happy, if any of them ſhould be 
the means of making thoſe perſons, whom they 
immediately concern, attend more particularly d 
the ſubject. 

There is another i ingenious method of i impregnating 
water with fixed air, contrived by Dr. Nooth, by 
means of three glaſs veſſels, as repreſented in Pl. IX. 

In the loweſt veſſel, the chalk or marble, and 
the water acidulated with oil of vitriol, muſt be 


put, and into the middle veſſel che water to be 


impregnated. During the efferveſcence, the fixed 
air riſes into the middle veſſel, and reſts upon the 
ſurface of the water in it, while the water that is 
- difplaced by the air riſes through the bent tube 
into the uppermoſt veſſel, the common air going 
out through the channel in the ſtopper. When 
the bent tube is of a proper length, the proceſs 
requires no attention; and if the production of air 
be copious, the water will generally be ſufficiently. 
knpregnated in five or ſix hours. At leaſt, all the - 
attention that needs be given to it is to raiſe the 

uppermoſt veſſel once or twice, to let out that part 

of the fixed air which is not readily abſorbed by 
water. If the operator chuſe to accelerate the 
Fun by agitating the water, he muſt ſeparate 
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the two uppermoſt veſſels from the loweſt, For 
if he ſhould agitate them all together, he will oc 
caſion too copious a production of air; and he 
will alſo be in danger of throwing the liquor con- 
tained in the loweſt veſſel into contact with the 
ſtopper which ſeparates it from the middle veſſel, 

by which means ſome of the oil ob vitriol might 
get into the water. 
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SECTION II. 
Of the State of Air in Water, 


FTER treating of the impregnation of water 

with fixed air, I ſhall recite the obſervations 
I have at different times made on the ſtate of air 
expelled from water by heat, eſpecially as in . 
ral caſes this is fixed air. 

I have frequently found air expelled from water to 
be much better than common air; but I have not yet 
undertaken any regular courſe of experiments on the 
ſubject; ſuch as examining the ſame water at different 
times of the year, with different impregnations, differ- 
ent expoſures, &c. which I wiſh to have done ; be- 
eauſe I think it poſſible, that ſomething worth 


w 
— 


$1. I. OBSERVATIONS ON FIXED AIR, - 57 


knowing relating to the properties of water, .or of 
ar in water, eſpecially. reſpecting phlogiſton, and 
the general ſtate of the atmoſphere, may be dif- 
covered by this means, Such obſervations as I 
have occaſionally made I ſhall here put down. 
Boiling generally expels more or leſs of fixed 
air from water, On the $th of June, 1779, I 
found my pump water to yield air, one fifth of 
which was fixed air, and the meaſures of the teſt 
for the reſiduum were 1. f. The fame pump 
water, which had been boiled ſome time before, 


gave air, one ſeventh of which was fixed air, and 


the meaſures of the teſt for the reſiduum were 1. 4. 
In general J believe a greater difference than this 
will be found in theſe two caſes. I do not know 
that water will attract fixed air from the atmoſphere, 
at leaſt in the proportion in which it is generally 
found in pump water, which is probably acquired 
from calcareous matters firſt held in ſolution, and 
then partially decompoſed i wi 7 : 

Water diſtilled in a glaſs, which had been long 
expoſed to the open air, yielded air, of which little 
or none was fixed air, and with equal quantities of 
nitrous air, the meaſures of the teſt were 1.1. 

A quantity of rain water taken from a large tub, 
which had long = expoſed to the oma air, yield- 


In the experiments mentioned i in this back the two kinds of 
air were not agitated when they were mixed, 
| ed 
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ed one ſixtieth of its bulk of air, of which no 


part was fixed air, and the meaſures of the teſt 
were 1.4. Perhaps the wood of che tub, or ſome 
other matter caſually falling 1 into i, ay haue con- 


taminated this air. 


A quantity of river water, not very far from the 


ſpring, gave one fiftieth of its bulk of air of which 


the ſmalleſt part imaginable was fixed air, and the 


meaſures of the teſt were 1.05. 


This air was very 


pure; but the part of the river from which I took 
it was nearly ſtagnant, and very: full of water 


plants. | 


Lime water is certain not to contain any fixed 


. 


air. From a quantity of this water I expelled air fo 


pure that the meaſures of the teſt were 1.0. The 
quantity of air was one fiftieth of its bulk. Upon 
the whole I am inclined to infer, from all the obſer- 
vations I have hitherto made, that this is about the 
ſtandard of air contained in water, which has no fixed 
air, and has been expoſed to no influences except 
thoſe - of the common ns; in its uſual 


ſtate. 


\ [ 


From a ſpring which was remarkable 95 its pe- 
trefying quality, I expected much fixed air, but I. 
found none; and the air I extracted from it was a 


little worſe than common air. 


It is plain that, in 


this caſe, a boiling heat had not decompoſed the 


lime ſtone it contained. 


a 1405 
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I alſo filled a phial with pump water and pound- 
ed lime ſtone, expoſed to the ſun from the 28th of 
May to the 3d of July, when it yielded air ſo pure, 
that with two equal quantities of nitrous air, the 
meaſures of the teſt were 1.4. I ſhould have ſuſ- 
pected ſome green vegetable matter in this water, 
but I could not perceive any. Perhaps ſome latent, 
or naſcent vegetation, e be the cauſe of this 
very pure air. 

That water imbibes dephlogiſticated air dum the 
atmoſphere, is evident from the following obſer- 
vation. I took ſome of the Briſtol water in which 
fiſhes had died, and which then yielded air tho- 
roughly phlogiſticated; and having expoſed it to 
the ſun from the 28th of May to the 3d of July, 1 
found it to yield a conſiderable quantity of air; and 
ſo pure that, with an equal quantity of nitrous. air, 
the meaſures of the teſt were o. 76, and with two. 
equal quantities of nitrous air the meaſures were. 
1. 18. 

Fixed air abounds ſo N in 100 ae 
ters, that their peculiar virtues are certainly o-w-ing 
to this ingredient in ther compoſition. This con- 
ſideration has led ſome perſons to aſcribe the virtues 
of other mineral waters to this principle, though 
they contain it in fo very ſmall a proportion, as to 
make that opinion very improbable. Some, for in- 
ſtance, have thought that the virtues of the Batb- 

water 
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water were. owing, in a great meaſure, to the fixed 
air it contains; and living at no great diſtance from 
that celebrated ſpring; I thought I ſhould incur a 
' Juſt cenſure, if I did not endeavour to aſcertain what 
kind of air is contained in that water, and in what 
proportion. Aceordingly, I made an excurſion as 
far as Bath, chiefly with that view, and made the 
following experiments, which, having no apparatus 
of my own along with me, I was enabled to perform 
by the friendly zeal and ingenuity of Mr. Painter; 
Dr. Guſthart, Dr. Falconer, and Dr. won fa- 
vouring me with their preſence; | 

In order to aſcertain what proportion of air is con- 
tained in the water, in the fie in which it is drank, I 
filled a pint-phial with the water hot from the pump, 
and expelled the air from it, by boiling it about four 
hours, receiving the produce in quickſilver. This 
air was about one thirtieth of the bulk of che water, 
and about one half of it was fixed air, precipitating 
lime in lime- water, and being readily abſorbed by wa- 
ter. The reſiduum appeared, by the teſt of nitrous air, 
to be rather better than air in which a candle had 
burned out. 

The quantity of fixed air that appears, by this 
experiment, to be contained in the Bath- waters is ſo 
very ſmall, that I think it very improbable that 
their virtues ſnould be at all owing to it. Few 
ſpring- waters, I believe, contain much leſs fixed air, 
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and many I know, which have no medicinal virtue 
at all, contain more. The pump-water belonging to 
the houſe in which I lived at Calne, contains about one 

fourteenth of its bulk of fixed air z and my pump- 
water at Leeds, contained about one fiftieth of its 
bulk of air, of the very ſame compoſition as the air 
of the Bath-waters, viz. half of it fixed air, and 


half common air, a little phlogiſticated, ſo as to be 
in about the ſame ſtare as ar in which a candle had 


burned out. 

Beſides, the\ -length of time which the Bath-w 
ters, and indeed moſt other ſpring-waters, — 
to expel the air by means of heat, ſhews that the air 
expelled from them, was not contained in them 
in that ſtate in which it is contained in waters pro- 
perly impregnated with fixed air, out of which 
it may always be expelled by the heat of boil- 
ing water in leſs than an hour. In fact, the 
fixed air is not united to the water, but to ſome cal- 
careous matter in the water, out of which the air is 
expelled with much more difficulty. Accordingly, 
Dr. Falconer informs me, that there is a depoſit 
made by this water, after long boiling. If fo, it may 
be preſumed, that theſe waters do not ſo properly 
contain fixed air, as a calcareous earth; which, 
though it contain fixed air, may not part with it in 
the ſtomach, unleſs it meet with ſome acid to de- 
compoſe it. | 
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Beſides the air contained in the Bath-water, there | 
is a conſiderable quantity of air continually bubbling 


up from almoſt every part of the ſoil, through the 
water in the bath. To examine this, I took about a 


pint of that air, and found, upon-examination, that only 


about one twentieth of its bulk was fixed air, preci- 


pitating lime in lime-water, and being readily ab- 


ſorbed by water. The reſt extinguiſhed a candle, 


and was ſo far Phlogiſticated, that two meaſures of 
it, and one of nitrous air, occupied the ſpace of 


2 33 of a meaſure ; that is, it was | almoſt perfectly 
noxious. 

Being in Germany in the ſummer of the year 
1774, we happened to paſs by the famous ſpring 


of Seltzer-water, near Schwallbach, and alſo an- 
other very hot ſpring near the road from that place 
to Mentz. Through both theſe ſprings there was 


a bubbling of air, exactly ſimilar to that in the 


Bath-waters ; but I had not time, or convenience, 
for making the ſame experiments upon them, and 
therefore contented myſelf with finding that the air 
91 both of them a Las candle. | 


we. PART 


A N II. 
OF THE SUBSTANCES WHICH YIELD FIXED AK 
* CHIEFLY BY HEAT. 


SECTION A 


Of Air extratted from mineral Subſtances. - 


AVING in an early period of my experiment, 


found that manganeſe, and other natural mi- 
neral ſubſtances, yield a very pure air by extreme 


heat; it occurred to me that ſubterraneous fires 


might maintain themſelves by means of the air 
which they diſlodged from ſuch ſubſtances as they 


found in the bowels of the earth. This led me to 


try what kind, and what quantity of air, would be 
yielded by various mineral fubſtances, in great heats, 
and it may not be uſeleſs to recite the experiments, as 
a knowledge of the reſults may be uſeful in other 


Philoſophical inquiries ; and as many of them yielded | 


fixed air, I ſhall inſert the account of them in this 
place. 


As the original object of my inquiry reſpefted | 


valcanic fires, 1 gave particular attention to the exa- 


mination 
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mination of volcanic ſubſtances, eſpecially with a 
view to aſcertain whether a ſubſtance which had 
been in a ſtate of fuſion will yield air by being heated 
again or not; in order to diſtinguiſh the products 
of volcanos from other ſtony matters. Though 
charcoal, which has been expoſed to the moſt in- 
tenſe heat, will imbibe air from the atmoſphere, and 
give it out on being heated a ſecond time, yet this is 
not a ſubſtance that can be fuſed; and as this does 
not appear to be the property of earthy ſubſtances, 
ſome dependence may perhaps be placed on this 
teſt, If fo, baſaltes can hardly be claſſed among vol- 
canic productions, becauſe they yield more air by 
heat than any known lava that I have met with. 

But Mr. Keir has obſerved to me, that a ſub- 
ſtance from which air has been expelled by fuſion, 
may yield more air by being melted again in a great- 
er degree of heat, ſo that this teſt is not deciſive. 

As the reſults of the experiments that I made both 
with lavas and baſaltes eee 1 ſhall briefly | 

cite them. 

Of lava from Jorkand, four ounces: and one fifth, 
heated in an earthen retort, gave twenty ounce 
meaſures of air, of which one half, towards the be- 
ginning of the proceſs, was fixed air, and the re- 
mainder of the ſtandard of 1.72, extinguiſhing a 
candle. - In the interſtices of this lava, there was a 
browniſh ſand, which I could not ſeparate from it. 


Of 
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Of lava from Veſuvitis; five ounces and a half, 
yielded thirty ounee meaſures of air; of which the 
firſt portion had a ſlight appearance of fixed air, 
and the reſt was phlogiſticated, from theo ſtandard 
of 1.64, to 138, which came laſt. The retort 
was broken by the ſwelling of the maſs in cooling. 

Another ounce of lava, of the conſiſtence of a hard 
ſtone, yielded only three ounce and a half meaſures 
of air, chiefly inflammable, which, I ſuppoſe, came 
from the nen in which this particular . | 
ment was made. 

From theſe experiment it t ben probable; that 
genuine lavas do not give much air; but this will 
depend upon the degree of heat to which they _ 
been ſubjected in the ſubterraneous fire. 

It has been much diſputed whether baſaltes be 3 
volcanic production, or only a cryſtalization of a 
maſs of matter in a fluid form. The following ex- 
periments incline me to the latter opinion. 

Seven ounces of baſaltes from Scotland, heated 
in an earthen retort, yielded 104 ounce meaſures of 
air, of which the firſt portion had a ſlight appear- 
ance of fixed air, and was ſo much phlogiſticated 
as to extinguiſh a candle, being ſometimes of the 
ſtandard of 1.68. | 

About two ounces of the giants cauſeway in Ire- 
land, yielded forty ounce meaſures of air, the firſt 
portion of which had a ſlight appearance of fixed air, 

Vor. I. 3 and 
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and the reſt phlogiſticated, of the ſtandard of 1.65. 
It was reduced by fuſion to a hard black glaſs.- | 
Oft baſaltes from Scotland, five ounces one hun- 
dred and ſixty-two. grains, yielded ſeventy-eight 
ounce meaſures of air, of which no part appeared to 
be fixed air; but was all phlogiſticated, ſome- 
times of the nen of 1.7, and towards the aſt 
are Moy 
"Oe Win banka of Dienvioghina abounds with 
a ſtone which, from its being chiefly got from a 
village called Rowley, near Dudley, is commonly 
called Rowley-rag, When it is broken, it very 
much reſembles baſaltes, though it is not found in 
the ſame regular form. Dr. WirkxRIxO, of this 
place, has given a moſt excellent analyſis of this 
ſubſtance, which may be ſeen in a late volume of 
the Philoſophical Tranſactions. All that I did with 
reſpect to it was, to ſubject it to a ſtrong heat in an 
earthen retort; and from this mode of examination 
it mould ſeem to be of the ſame nature with the ba- 
ſaltes, whatever that be. 1 VARER 

Four ounces of the Rowley-rag yielded forty 
ounce meaſures of air, containing hardly any ap- 
pearance of fixed air, but was phlogiſticated, of 
the ſtandard of 1.6, and 1. 5; the laſt portion 1.31. 
It was reduced to a black glaſly ſubſtance, which 
broke with a poliſh, exactly enn that which 
remained from the baſaltes. | | 
.. The 


The Derbyſhire toadſtone, in its appearance, very 
much reſembles the Rowley-rag, excepting that it 
is full of white ſpots, conſiſting of a calcareous ſub- 
| ſtance, Dr. WiTazrING has analyſed this, as well 
as the Rowley-rag, and both from his experiments and 
mine, they ſeem to be nearly a-kin'to each other, 
Two ounces and 384 grains of this ſubſtance, 
from which the calcareous part had been diffolved 
by ſpirit” of nitre, yielded ſixty ounce meaſures of 
air, the firſt portion of which contained a little 
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fixed air, perhaps from ſome unperceived remains 


of the calcareous matter. The reſt was 5 phlogiſti- 
cated, of the ſtandard of 1.7. 

In another experiment, an ounce and a quarter 
of this ſubſtance, - from 'which the calcareous part 
had been extracted firſt by oil of 'vitriol, and then 
by ſpirit of nitre, yielded 40 ounce meaſures of 


air, of the ſame quality of that in the former 


proceſs.” There remained from both of them a 


black glaſſy matter, which ſeemed to be very 


liquid when it was hot, as part of it had boilen 
up into the neck of the retort. 


Granite, like baſaltes, has been Wowi by ſome 


to be the product of volcanoes, and by others to 


be a cryſtalization from a liquid ſtate; The latter 
is the opinion favoured (but for the reaſon given 
above not deciſively proved) by theſe experiments. 
From about an ounce and an half of this ſub- 

a 1 ſtance 


2 22 
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ſtance I got twenty ounce meaſures of air, the firſt 
portion of which contained a little fixed air, but 
the reſt was phlogiſticated, from 1.7 to 1.28, 
which is nearly the ſtandard of common air ; but 
the heat was very intenſe, as the ſubſtance was 
reduced to a glaſs, 

Again, five ounces and 252 grains S blue 
granite yielded ſeyenty ounce meaſures of air, of 
the ſame quality with the preceding. It was alſo 
reduced to a firm uniform glaſſy ſubſtance, of a 

dark-brown colour. Upon the whole, therefore, 
it ſeems probable, that the origin of granite is 
ſimilar to that of baſaltes. | 

In Cornwall there is a ſubſtance called Ae 
the natural hiſtory of which is very like that of 
granite, and the reſult of my experiments upon 
it ſhews that they are of the ſame nature. There 
is a black and white kind of elvain. | 

Of the black elvain one ounce and 288 grains 
yielded twenty-five ounce meaſures of air, the firſt 
portion of which contained a little fixed air, and 
the reſt was phlogiſticated, of the ſtandard of 1.54. 
It was melted into a browniſh black maſs. 

Of the white elvain one ounce and 384 grains 

yielded thirty ounce meaſures of air, of the fame 
quality with the preceding. It was converted 
into a very porous ſubſtance, exactly velembling a 
| ** ſtone, but much harder. 


4 | | The 
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The ſubſtance called groan clay is ſaid to be 
formed by the decompoſition of granite. Of this 
ſubſtance one ounce and ſeventy-two grains yielded 

thirty-two ounce meaſures of air, containing no 
ſenſible quantity of fixed air, but all phlogiſticated, 
of the ſtandard of 1.62 and 1.33. After the ex- 
periment this matter was eaſily ſhaken out of the 


retort, and was not ſenſibly changed in its ap- 


Ppearance. 


Such were the experiments that I made with 
ſubſtances that are, or are ſuppoſed to be, volcanic. 
Of thoſe which are certainly a0 volcanic, but 


which may- come in the way of volcanic fires, I 


| found thoſe into which the vitriolic acid enters to 


yield the greateſt quantity of pure air; but by no 
means ſufficient to keep alive ſuch fires as we 
make on the ſurface of the earth. | 


From ſeven ounces of gypſum, which I 1 85 in 
a ſtrong heat twelve hours, I got 230 ounce mea- 
ſures of air, the greateſt part of which would have 
extinguiſhed a candle; the moſt phlogiſticated be- 
ing of the ſtandard of 1.8, but it was afterwards 
much purer; and at the laſt conſiderably dephlo- 
giſticated; for with two equal meaſures of nitrous 


air, the teſt was 1.3. The air was very turbid as 


it was produced, and the pureſt of all came ra- 
ply; nt" k It 1s poſlible 
| F 3 _ that 
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that, with a ſtronger heat, more, and purer alr 
might have been procured. The ſubſtance was 
reduced to 4 hard maſs, yellow next to the retort, 
but in the middle very white. 

The fones which I found to furniſh the greateſt 
quantity of air, though not the pureſt, were thoſe. 
of the ſchiſtus kind, which are found in great 
quantities in many mountainous countries; and 
after being ſubjected to a very great heat, have 
the neareſt reſemblance to the generality of lavas 
of any ſubſtance on which I have yet made the 
experiment. 

From four ounces of a | blue late. I. 80 320 
ounce meaſures of air, a very ſmall portion of 
which was fixed air, and the greateſt part of the 
reſt (the whole, I believe, except about twenty 
ounce meaſures) ſo impure, that the ſtandard was 
generally 1.8, Towards the laſt it was 1.5, and 
the laſt of all 1.35; ſo that a candle would juſt 
have burned in it. The air was very turbid, and 
had'a very ſtrong ſmell. The ſubſtance was per- 
fectly vitrified, and quite black, exactly reſembling 
lava. It then weighed, as nearly as I. could gueſs 
(for in the fuſion it had adhered cloſely to the re- 
tort) three ounces and 288 grains. 

From eight ounces of another kind of ſchiſtus, 
I got ſeventy ounce meaſures of air, of the ſame 

quality 
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quality with that in the preceding experiment; 
and it was melted into a black maſs, harder tap 
the former, ſo as to make a ſtill more perfect lava. 

Oil of vitriol has been ſuppoſed to enter 1 
the compoſition of clay. From four ounces of it 


I got twenty ounce meaſures of air, in every por- 


tion of which one-tenth was fixed air, and the 
reſt of the ſtandard of 1:72, 1.52, and at laſt 1. 44. 

Putting oil of vitriol to this clay, it yielded 
much more air, and of a better quality. Two 
ounces of the clay, moiſtened with this acid, gave 
210 ounce meaſures of air, | exceedingly turbid, 
containing very little fixed air, and the reſt of the 
ſtandard of r. 5, 1.7, 1.58, in the order in which 
they are here put down; but the laſt portion was 
1.08, and was conſiderably dephlogiſticated. 

A quantity of fine white clay from the Apalla- 
chian mountains gave air of the ſame kind at the 
beginning of the proceſs with common clay, but 
the retort being cracked, the 88 was in- 
terrupted. 

Nothing in the form of a fone yiels fo much 
air as lime fone, and this is by no means all fixed 
air, as I believe has generally been ſuppoſed. For 
a very great proportion of it is more or leſs plilo- 
giſticated, and the laſt portions often tolerably pure, 
ſo that a candle would nearly burn in it. 


F 4 From 
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From four ounces of white cryſtals of lime | ftong 
I got 830 ounce meaſures of air, the firſt portion 
of which had only one-fourth of fixed air, but in 
the courſe of the experiment it varied, being once 
' three-fourths, then one-half, and at the laſt one- 
third, The ſtandard of the reſiduum was never 
better than 1,56, nor worſe than 1.66, 

From five ounces and a half of lime ſtone of 
an excellent kind, I got in all 1160 ounce mea- 
ſures of air, Of this one-tenth only was phlogiſ- 
ticated, and the reſt fixed, but the laſt portion of 
all was half phlogiſticated. 

From ſeven ounces of a tranſparent ſubſtance, 
found in a ſtone in the neighbourhood of Oxford, 
which is chiefly calcareous, I got 1280 ounce 
* meaſures of air, of which about one-third of the 
the whole was fixed air, The ſtandard of the 
reſiduum was at firſt 1.55, and afterwards 1.44. 

From ſix ounces of a blue ſtone, found in the 
neighbourhood of Stratford, I got 1030 ounce 
meaſures of air, of which, till near the end of the 
proceſs, aþout one half was fixed air, and at the 
laſt about one fourth, The ſtandard of the remain- 
der was about 1.6. 

From three ounces of chalk I got 630 ounce 
- meaſures of air, of which at the firſt one fourth 
was fixed air, then almoſt nn then ſome- 

thing 


\ 
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thing more than one half, and again a little more 
than a third. The ſtandard of the n wes 

from 1.66 to 1.34. 
ö The pureſt calcareous earth is chalk, and the 
moſt perfect chalk is that which is called whiting, 
which is therefore uſeful in many experiments, ſo 
that it is worth while to know what air it con- 
tains. From ſeven ounces of this ſubſtance, I 

got, in an earthen retort, 630 ounce meaſures of 
air, by which it was reduced to four ounces. Every 
portion of the air contained about one-third that 
was not fixed air, the ſtandard of which was 
1.36, 1.38. Again, from fix ounces of whiting, 
I got 440 ounce meafures of air, about half of 
which was fixed air, and the remainder of the 
ſtandard of 1,4, The whiting was — to 
three ounces and 312 grains. 

In order to try whether any peculiar kind of 
air might be procured from whiting ſaturated with 
acids, I moiſtened ſome, which had been well cal- 
cined, with water impregnated with vitriolic acid 
air; and then by heat expelled from - it ninety 
ounce meaſures of air, the- former part of which 
was more than three-fourths fixed air, and the 
reſiduum of the ſtandard of 1.5, The laſt portion 
had leſs fixed air in it, and the ſtandard of the 
reſiduum Was 1.44. The _— was rendered 

black 
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black and hard, bur in \ ſpirit « of falt it became 
white oft. 

When quick lime is ſuffered to fall in the FR 
air, it firſt attracts moiſture, and then that moiſture 
gives place to fixed air. From three ounces and 
a quarter of this fallen lime I got 375 ounce 
meaſures of air, of which about one-fifth was fixed 
air, and the ſtandard of the reſiduum was 1.4. 
Iron ores may be. pretty well diſtinguiſhed by 
the quality of the air that they yield by heat, as 
well as by their weight, and external appearance. 
The reſiduum of the air from other ſtony ſub- 
ſtances, aſter the fixed air is ſeparated from it, 1 
have always found to be phlogiſticated, but chat 
from iron ore is inflammable. 

Three ounces and one-half of white ſpathoſe 705 | 
ore yielded 560 ounce meaſures of air, of which 
at the firſt one-third was fixed air, then only ſome- 
thing more than one half, and again at the laſt a 
third. The ſtandard of the reſiduum was about 
1.7, and inflammable. The ſubſtance was re- 
duced to one hard maſs, and the bottom of the 
earthen retort was melted along with it. 

I tried, one iron ore that was of a light colour, 
and another of a darter. Six ounces of the lighter 
coloured ore yielded 750. ounce meaſures of air, 
of which at the firſt two-thirds were fixed air, then 


5 only 
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only a little more than a half, and at the laſt a 
fifth The reſiduum of the middle portions of 
this air only was inflammable, that of the reſt 
phlogiſticated ; the ſtandard of it about 1.7. It 

was reduced to a hard black ſlag full of cavities. _ 
Four ounces of the dark coloured ore yield- 
ed 510 ounce meaſures of air, the quality of which 
varied very much, like that in the preceding, ex- 
periment, and the air was not more ene, in- 
flammable. 
There is, I believe, ſome iron in the ſubſtance 
that is called Slack lead ( molybdena) and therefore 
I mention the experiment that I made with it in 
this place. From half an ounce of it I got twenty- 
five ounce meaſures of air, of the ſtandard of 1.6, 
and 1.42. I have no note of any part of its being 
fixed, or inflammable. It had loſt only eighteen 
grains in weight. From eight ounces and a half 
of another kind of black lead, I got ſixteen ounce -. 
meaſures of air, one fifteenth, or one twentieth of 
which was fixed air, and the reſt inflammable, 
burning with a blue flame. | 

I did not purſue theſe experiments on ores to 
any great extent; but having Tome ſtream tin, I 
found that 110 grains of it, gave twenty ounce 
meaſures of air, a ſmall portion of which was fixed 
7, and the remainder of the ſtandard of 1.44, 
and at laſt 1. 3. 
From 
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From two ounces and one fifth of ſteatites, I 
got forty three ounce meaſures of air, which had 
the ſlighteſt appearance of containing fixed air. 
The remainder was thoroughly phlogiſticated, ex- 
- cept. that, at the laſt, it was of the ſtandard of 
1.65, It came out of the retort a yellow maſs, 
but powdery, as it was put into it. 

'Lwo#ounces of terra pondergſa, gave twenty-ſix 
ounce meaſures of air, without any mixture of 
fixed air, the ſtandard of it 1.62, 1.42, and 1.29. 
The ſubſtance was concreted into one maſs, but 
was eaſily broken by ſhaking the retort, and then 
045-2208 dir eee in its external 
appearance. 

Two ounces of Black wad from: Derbyſhire, 
yielded eighty ounce meaſures of air, no part of 
which was fixed, air, but all better than common 
air, the ſtandard of it being 1.05. This circum+ 
ſtance may help to account for this ſubſtance taking 
fire, and burning as it does, when it is mixed with 
linſeed oil. For if by any means it is fo far 
heated, as to give out its pure air, this muſt affiſt 
the combuſtion; and the chemical attraction between 
the phlogiſton in the oil, and the dephlogiſticated 
matter in the wad may, without its aſſuming the 
form of air, be the cauſe of the maſs becoming hot. 

Seven ounces of fluor gave eight ounces of air, 
a ſmall proportion of which was fixed air, and the 

| reſt 
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reſt of the ſtandard of 1.45. It was melted into 
a hard maſs. Six ounces of white fluor yielded 
in all ten ounce meaſures of air, of which the 
ſlighteſt portion imaginable was fixed air, the reſt 
of the ſtandard of 1.34, and 1.3. In this experi- 
ment the bottom of the retort was quite diſſolved. 
N. B. There was no appearance of fluor acid in- 
the water in which this air was received, and the 
melted maſs gave fluor acid air with oil of vitriol. 


From four ounces of a kind of ſand. gone, I got 


ſeventy five ounce meaſures of air, a ſmall por- 
tion of which was fixed air, the ſtandard of the 


reſt, for the moſt part, 1.75, and at the laſt 1.35. 


When taken out of the retort, it weighed three 
ounces and three fourths. That part of it which 
was next to the bottom of the retort was whiter 


than the reſt, but very hard, adhering to it; and, 


what was pretty remarkable, the remainder had ac- 
quired juſt as firm a texture as it had before it was 
pounded for the purpoſe of the experiment. 


Five. ounces of a fine white fand-ftone, yielded 


about ten ounce meaſures of air, containing a little 
fixed air, and the reſt of the ſtandard of 1.6. This 


alſo was again reduced to a ſtone quite as ca as 


it had been before it was pounded. 
Six ounces of another ſand- ſtone yielded 102 


ounce meaſures of air, of which a very ſmall por- 


tion was fixed air, and the reſt of the ſtandard of 
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4 
4 
* 
4 
4 
1 
= 
7 
i 


78 OBSERVATIONS ON FIXED AIR. Part I. 


1.57, and 1.35. This alſo was reduced to a hard 
dark coloured ſtone, having | ſeparated itſelf from 
the retort about a quarter of an inch, except at the 
bottom where it adhered to it. 

From one ounce and 175 grains of, belemnite, 
got 320 ounce meaſures of air, of which at the 
firſt one ſixteenth was fixed air, the reſt of the ſtan- 
dard of 1.75, 1.55. All the air came while wy. 
heat was very moderate. 

From four ounces of cryſtals of quartz, I got 25 
ounce meaſures of air, a very ſmall portion of which 
was fixed air, the reſt being of the ſtandard of 1.8, 
ad 2444-14 

From ſeven ounces of a gramlated quartz, got 
about ten ounce meaſures of air, containing a little 
fixed air, and the reſt of the ſtandard of 1.42. It 
came out of the retort- a looſe friable ſubſtance, 
weighing ſix ounces 290 grains. The retort was 
cracked, or more air would. probably have * 
procured. 135 ; 

From one ounce and eighty four grains 5 mica, 
I got twelve ounce meaſures of air, of which no 
part was fixed air, but of the ne of 1.4, and 

1.35. 
From 120 grains of tale, 1 got a quantity of air, 
but the retort being cracked at the beginning of the 
| proceſs, I took no account of the quantity. Part 
of it was evidently fixed air, and the reſt of the ſtan- 
dard 
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dard of 1.4, and a candle burned: in it. The ſub- 
ſtance was W en. . 
to the retort. 


From four ounces 35 5 grains of ooolalized g. | 


in the form of a whitiſh ſtone, I got twelve ounce 
meaſures of air, which contained no fixed air, and 
of the ſtandard of 1.42, 1. 36, and 1.31. Perhaps 
I uſed a greater degree of heat than the glaſs had 


been ſubjected to before. Otherwiſe this experiment 


might help to account for lava giving ſome” quan- 
tity of air, though it had been in a ſtate of fuſion, 
having afterwards cryſtalized, like this glaſs. 
The laſt experiment that I ſhall mention was 
made with pit chal. Three ounces of ſuch coal as 
we have at Birmingham, gave 700 ounce meaſures 
of air, of which I could, not be ſure that any portion 
was fixed air. It was all inflammable, the firſt por- 
tion of it burning with a White hben nn and 
the laſt with a blue one. 


To the ſubſtances: Gee * N 1 had eee. 


at it different times, to extract air by heat, it may be 


juſt worth while to mention crude antimony. From 
one , ounce of it, in a glaſs veſſel, and with'a red 


land heat, I got very little air, not- more than its 
bulk. The laſt portion was in a great meaſure 


fixed air, and the reſiduum extinguiſhed a candle. 


The antimony on which this experiment was made, 


and which had been pounded, formed a concrete 


maſs 
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maſs when taken from the fire, being mixed with 
any of the acids. | 
A degree of heat ſufficient to bake ae evi⸗ 
dently expels fixed air from it. In order to aſcer- 
tain this fact, I filled a gun-barrel with tobacco- 
pipe clay, and, putting it into the fire, I received” 
the air that came from it, in ſeveral portions ; but 
the whole was not more than about five times the 
bulk of the clay. The firſt produce was inflamma- 
ble ; but afterwards the air was fixed, preci- 
pitating lime in lime-water, and being readily ab- 
ſorbed by water, I never met with purer fixed air, 

No calx of any metal on which I made the ex- 
periment yielded inflammable air, but all of them 
fixed air, and generally in great plenty. Ruft of iron 
gave a great deal of air, two thirds of which was 
fixed air, and the reſt was not affected by nitrous 
air, and extinguiſhed a candle ; ſo that the whole 
produce ſeemed to be fixed air, only with a larger 


reſiduum than uſual of that part which is not miſ- 


cible with water. At another time, however, I got 
from the ruſt of iron fixed air that, was very pure, 
there being little of it that was not miſcible with 
Water, 
N. B. That part of the ruſt on which the focus 
of the lens fell, turned very black. 
1 obſerved that both the grey ct of lead, 
and litharge, yielded fixed air, and that a great 
quantity 
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quantity of fixed air is contained eee en 


in other preparations of that metal. 


1 r in 


quickſilver, from cinnabar prepared with antimamy: 


but not enough to form a judgment of the quality of. 


it. From common vermillion I got more air, viz, 
about forty times its own bulk, and it was all fixed 
air, being readily abſorbed by water. This ſub- 
ſtance, like the ruſt of iron, rumed Ac in the 
ocns UPON Rn} 


SECTION II. 
Air from ſaline SubſSances. 
OST. dune fabftances, I believe, contain 


more or leſs fixed air; and it may be worth 


tracted from each of them, and alſo the quality of 


che reſſduum, which 1 find to differ conſiderably in 
different caſes. But this may depend, in a great 
meaſure, upon the ſtate of the water in which the 
perunents are made. A few obſeryntions that 1 


2 „ ONE FIECIITIS 
bo ES. te hits. EO EE Ln a ae _ P 


82 OBSERVATIONS | ON FIXED AN. Part II. 


have had' occaſion to: e kind may —_ 
worth noticing. . 

Both vitriolated dme FRE) Glauber alt, wah I 
have often occaſion to make in the courſe of my 
experiments, I find contain fixed air. Diſſolving a 
quantity of vitriolated tartar, which was formed in 
making ſpirit. of nitre, and collecting the air that 
came from it, I found one twelfth of it to be fixed 
air and with an equal quantity of nitrous air, the 
meaſures of the teſt for the remainder were 1.3. 
At another time I filled the retort in which the ſalt 
was contained with boiled pump water, and then! 
found no fixed air in it; having, I ſuppoſe, been 
abſorbed by the water, And tlie meafures of the teſt 
for the remainder were 1.46. Again I diſſolved a 
quantity of this ſalt in pump water, and then found 
one fourth of the whole to be · fixed air; the pump 
water itſelf containing a good deal, and the meaſures 
for the reſiduum were 1.44. 

From half an ounce of vitriolated tartar, in a gun- 
barrel, I got about, an -ounce-meaſure. and à half 
of air, which was chiefly fixed air. The laſt pro- 
duce diminiſhed common air a little; but this 1 
attribute to the gun- barrel not having been per- 
fectly cleaned from the: materials uſed. in a. former 
e > year 229 zan ne ene 
I alſo dädobed a © dad Glauber:ſalt; Wich 


remained from-the procl * 
2 — of * 
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and J found tlie reſiduum of the fixed a d be ſen- 
fiblyworſe: than common air. 

The firſt experiment that I made oþon Ali 
was with. the ſun-beams, in quickſilver ; when I 
got from it a little air, which appeared to be 
fixed air, by extinguiſhing a candle, and by being 
readilyi abſorbed by water: I repeated the experi- 
ment with the ſame reſult. The quantity of air 
extracted from a piece of alum, was about one third 
of its bulk; bumdqũmagined that a little, though not 
much, more might have been nen by a age | 
continuance. of the operation. 

I obſerved, upon this occaſion, that 1. books call 
cine only a given quantity of alum in a given quan- 
tity of aw; and that when this was ſaturated, I could 
only keep the alum ina fluid ſtate by heat. But it 
was eaſily calcined in vacuo; and as the receivers in 
which the calcination was made became very moiſt, 
it is pretty evident that this operation is performed 
by the mere expulſion of the water which enters into 
the compoſition of this ſalt; ſo; that when: the ſur- 
rounding air can take no more water, that calcination 
can proceed no farther: : I alſo. obſerved, upon this 
occaſion, that when I had calcined a quantity of alum 
in a given quantity of common air, the air was not 


e or __ ne, ape 0 the 
operation. ; 
: 62 Aker 
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After this, I endeavoured to get air from: calcined 
alum, with a burning lens; and I did get à little: 


but I made no other obſervation upon t, than that 


it was not diminiſhed by nitrous air. But when 
I put a quantity of calcined alum into a gun-barrel, 
I got from it a conſiderable quantity of air, part-of 
which was fined air, precipitating lime in lime-wa- 
ter, and the remainder did not differ from the reſi- 
duum of fixed: air, extinguiſhing a candle, and 
neither affecting common air, — —_— 
by nitrous air. rad 36 

N. B. The pure air e eee 


inflammable from Enn 2 


produce the fixed air. 
In diſſolving alum, in oner: to a Ga | 
of alum, & obſerved that air was diſcharged from it. 
This I collected, and found it to contain very little 
fixed air, and the meaſures of the teſt ſor the reſidu- 
um were 1.12. At another time I had the ſame 
reſult, but the air was eee 
5 — r. | 
rr with . 45 1 


caught the fined air, which was diſcharged in great 


abundance ; and examming the reſiduum, found it 

to be better thaw common air, in the proportion of 

3.2 to 1.3; the diminution being in that propor- 

tion when mixed with equal quantities of nitrous air. 

27 * From | 
2 
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From one ounce of calcined alum, very white and 
clean, Frawe;fixey -ounce meaſures of air, without 
any fixed air, or the leaſt imaginable, and fo pure, 
that with two equal meaſures of nitrous air, the 
teſt was 1.4. Still the reſiduum had an acid taſte, 
ſo that with more heat, it is probable that more, 
and purer air, would have been produce. 
The metallic ſalis, if they gave any air at all, gave 
fixed air, which I find to be contained in moſt ſaline 
ſubſtances. I ſhall recite a few experiments of this - 
kind, fe,, 3 | 
them. 

1 8 — eee ee lead, * 
from mitre of lead. The former melted into à liquid 
ſubſtance ;; the latter changed from white to a dull 
grey colour, eee, with a Crack- 
ling noiſe. | 

All the kinds of acme gave "ov air. I firſt 
tried common green copperns in quickſilver. It diſ- 
ſolved into a great quantity of water, but the air 
produced from it was not one twentieth of its bulk. 
Half of this air was readily abſorbed by water, and 
the remainder was too ſmall tobe examined. I repeat- 
ed the experiment on calcined copperas, both in a gun- 
barrel, and likewiſe in a tall glaſs veſſel filled with 
land ; but the produce, in all the caſes, was fixed 
air. Half an ounce of calcined copperas yielded 
near a pint of air. 

683 ; When 


86 


ones were preſently reduced in paſſiig through water! 
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„When 1 had extracted air from- the cala ofcarten - 
copperas in a glaſs-veſſe}; I put the ſame2 matenials 


into a gun. barrel; hut ſtill Lextracted nothing from 


them beſides fixed air, mixed with acid airʒ as appear. 
ed by the extremely ſmall bubbles to which the large 


When J made the experiment on bus: vitniolh 
which confiſts of oił of vitriol and copper, in quitk- 
ſilver, the reſult was the ſame as: with the green dop- 
peras, except that much leſs water was produced 
l bite vitrial, which conſiſts of oil of vitriol and 
zinc, gave ten times as much air as the other kinds: 


Half of it was 1 8 22 8 e | 


ed in the remainder. all ig N mon? 


Mercurial nitre ch: 2 ger quantity of air in 
quickſilver, and this was pure nitrous air . bit po 
ſibly the nitrous acid being let looſe from this ub 


ſtance, had produced the rien” air 5 Annen 


che quickſiver. 
" White lead yielded ait 10 great DME by: Wing 
heat of the burning lens, and it was all pure fixed air. 
From four ounces of white lead J expelled, in an 


earthen retort, 240 ounce meaſures of air, before the 


retort was diflolved by it. Of the firſt produce there 


remained one third, not fixed air, of the ſtandard” of 


1.36; and towards the laſt, the refiduuniwas of the 
ſtandard of 1.28, when with the common air it was 


1.23. | : 
WY 2 SEC- 
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| 1 
RT AR ſis a ſubſtance concerning which 
this) has been a great diverſit of: 
as chemiſts. © On this account ſome of my che. 
mieal friends requeſted that T'would examine what 
kind of air it yielded in different circurmſtahees. 
Accordingly, to ſatisfy ther, and ty own curibſity 
at the ſame time, and without any. particular en- 
pectation (for 1 had formed no opinien awhatever 
with" reſpect to ity I began with putting a fimall 
quantity of the cream of tartar into ame oil: of vi- 
triol, oontained in à phial wich a ground ſtopper and 
tube (which'is the method that I uſually employ to 
procure vitriolic pony eh oy the flame ofa 
candle, I made it'boil;2 | . 1 bas bv 


The acid e eee black, and che. mix- 
ture yielded a great quantity of air, till it was quite 


ou when, there being ſome danger of ichoaking 


the tube, I withdrew it. The air was at firſt Half 


futed air, making lime water turbid r andi half in- 
flammable, burning with a lambent blue flame i 
but towards the laſt two thirds of it Was inflamma- 
—_ did not uſe more chan ia —— 
NI CES : 
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of the tartar, and the quantity of air exceeded two 
quarts, and much more might certainly have been 
procured. The next day the matter, which I had 
poured out of the phial, had the conſiſtency, co- 
_ lour, and ſmell of treacle ; except that there were 
ſome ſmall concretions in it. Some time after 1 
took the teſiduum above-mentioned, and putting it 
into a glaſs veſſel, I again extracted from it, in a 
ſand heat, a large quantity of air, as much as before, 
and exactly of the ſame kind. In the middle of 
the proceſs, when the production of air was moſt 
copious, it was very turbid; and when any of the 
bubbles burſt in the open air, they were rl 
to have a ſtrong ſmell of trea cle. 

After this I ceaſed to make uſe of oil. Grins 
in order to try what air the tartar would yield of it · 

| elf ; and I preſently found that the acid had con- 
- tributed nothing at all to the air that I had got from 
it. From an ounce of cream of tartar, in a glaf 
veſſel, and a ſand heat, I got 170 ounce meaſures 
of air, the firſt portions of which were almoſt pure 
fixed air. The reſiduum, however, was inflam- 
mable, and burned with a blue flame. At laſt 
only about two thirds of the air was fixed air, and 
the reſt inflammable. In the greateſt part of the 
_ proceſs, the air was very turbid ; but it was ſo in the 
recipient, and the part of the tube next to it, a con- 
ſiderable time before it was turbid in the reſt of the 
5 . „tube, 
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tube, or in the glaſs veſſel that contained, the 'maz 
terials. , Towards the end of the proceſs the em- 
pyreumatic oil came over, which was very offenſive, 
though, at firſt, the ſmell of the air had been rather 
Pau reſembling that of burnt ſugar.” 
I repeated this experiment, and again ns Dow | 
190 ounce: meafures of air from an ounce of cream 
of tartar, of which tlürty eight ounce meaſures were 
inflammable, and the reſt fixed. It burned with a 
large white flame, but at laſt with a light blue one, 
owing, - I ſuppoſe, to the mixture of fixed air in it. 
not be thought extraordinary; but its yielding in- 
flammable air, ſeems to ſhew that it had acquired a 
good deal of the conſiſtence of vegetable matter, or 
of PRO A mung A erer 
of ain 005i 
. yioders bak 1 bm = 
elycalcinktbin/quandy' of cream of tartar, in a red 
heat, in a glaſs veſſel filled up with and; and ob. 
5 ſerved that it loſt about half its weight. Notwith- 
ſtanding its calcination in a red heat, this ſubſtance - 
obſtinately retained a great deal of its fixed air; in 
which it reſembles chak. For when I put tis eal- 
cined cream of tartar into ſpirit of ſalt it yielded a 
conſiderable quantity of air, which I found to be 
fixed air, with a phlogiſticated reſiduum. It alſo, 
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the ſanie kind of air in il of vitriol; and ſpirit of 
nitre. Bur even fpirit of ſalt BUR Ts ae 
— F £607 ic e194 © HELI O IMarcis 
Tos obſerve the! phenomena af ;this a e 
more particularly; 4: made the proceſs in an open 
crucible, which. I kept in a red heat à long time. 
But when chere was no appearance of any farther 
change, and the ſubſtance was pretty hard, I took it 
from the fire, on which it preſently aſſumed a black 
iſh, or dirty town colour. Spirit of falt diſſolved 
this ſubſtance with as much rapidity, to all appear 
in the former experiment, and expelled as much 
ait from it. It. ſtill, however, did not diſſolve 
the Whole: bor a b wag mindined undif; 
Wan + or en Aut ior vod doonuig do 
I threwthe focus of the Join upon a piece of fine 
white ſugar, in quickſilyer.: It was readily melted 


and converted into a brown ſubſtance, yielding about 
two thirds of its bulk of air, one third of which was 
readily abſorbed. by water, and the reruinder extin- 
guiſhed a candle. I repeated the experiment with  - 


a, browniſh powdered ſugar, with the ſame reſult, 
excepting that more air was generated from this 
than * the white re! in Pproportion'0 their N 
bulks. | 
— two ounces avid np ee 
be 1 got, in a very ſtrong heat, 430 ounce mea- 


ſures 
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ſures of airy of the firſt portion of which. one tenth, | 
of the ſecond.ons third, and of; the third one half 
was fixed air. The reſichminz pf the ſecond pore 
tion was of the; ſlandardi of bf, and that; of the 
third! 1. . It extingdiſned a candle; ſo ti th 
air came properly from the: abe and net: from 
any remaining particles of the charcoal mixed with. 
them. Aſter ther prœveſs the Uhes: (weighed B3g 
grains. Being expoſed to the open air one dy 
they weighed 842 grains, and, perhaps with more 


heat than befor," yielded Wy” Gee meaſures of | 


air, of whieh about an eighth was fixed air, and the 
ſtandard of the reſiduum was 010386 and 1. 41. 
candle burnect in it; fo that ito isevident ſome o 
the” deplogiſticatec part of the atmoſphere had 
been imbibect by theſe aſhes. bey then weighed 
789 grains and w Haf- J OW? o ginqm 4 
From chree ounces of pit aſhes; I göt ui; 
the ſtandard of which avas 1, Hand extinguiſhed a 
candle. I took no note of the quantity of fixed 
air; and through an ede eee | 

of the air eſcaped... aii iT as Sm wor 
It is well known 3 all frmented- lquors, 
that are not quite flat or vapid, contain fixed air, 
and I had the curioſity to try, what proportion oſ 
this air is contained in different kinds of wine, 
and in wines in different ſtates. For this purpaſe, 
nm phie with a ground-ſtopper and 

. tube, 


ns Jy * 
. 4 a4 — — 
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tube containing an ounce- meaſure and a half, 
and filling” it accurately. with each ſpecies oſ 
wine, I plunged it into a veſſel of water, which 
was ſet on the fire en 
of Amd War en pur fixed ar; but 
except” champaigne and eyder, it was in much 
ee bn ee eee 
nee 45 99970; 2:01 D . 

"i r ki contained in 1 2 
Madeira, was dame of an, ounce-meakure, 
Port .of fix years. old 2 ͤ-—“ —— Were 
Hock of five years old ; vx reren 
| Barkelled/Clarct: = - *-#51) — 


* * * , . 


T v of 15 7 Fu 
ene 


Champaigne of two years 2 0 —-—g TE 
Bottled Cyder oſ 12 years 31 ——— 9 
Some champaigne ſparkles much in conſequence: 
of containing much air; but there is a kind of 
champaigne which does not ſparkle, and contains: 
very little air. The difference, as I was informed, 
when I made enquiry concerning it, in that part 
of France where the wine is made, is owing to 
this; that when they wiſh to have the wine ſparkle, 
they check the fermentation as much as poſſible 
at the time that the wine is made; fo that the 
r the fixed air pro- 
duced 
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duced by it nebel yi hs. Mantbrs” Where, 


when they do not chuſe to have it ſparkle, they 


kt it ferment freely, like any other kind of wine. 

In other caſes, therefore, where fermented liquors 
contain ak phono Shire GAINS. 
cyder, and our 'Engliſh made-wines, I take it for 

—_ —  — 
— — 
that the fermentation will —— 
long time, after it is put into the caſk or bottle. 

F eee end e 4 y d piawwins” ow. 
eien in oon bulk of fixed air but 1 now n- 


doen: male 5chiefly of epd. Peha Us! Shly 
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© 4, row Animal Sure, bs 5 


W erntet wi 10h 


T Had obſetred, that animal ſubſtan es, in Og | 
fying, diſcharge-air that is in part fixed, and 
1 5 „Being willing to find the pro- 
portion of each of theſe kinds of air, in the different 
= ſtages of the putrefactiye /proceſs;;-as well as the 
whole praduce of both Kinds, I took a piece of the 
lean muſcular part of mutton, weighing 102 grains, 
on the 1 3th of September, 1776; and put it into 

a jar filled with quickſilver, ſtanding inverted in 

a baſon of the ſame, and placed it near che fire, 
where the heat was variable, but at a medium of 
about 100 degrees of Fahrenheit. 

On the 15th I took from the mutton half an 
ounce meaſure of air, two thirds of which was 
fixed air, making lime - water turbid, and the reſt 
was ſtrongly inflammable. On the 16th it had 
vielded one third of an ounce meaſure of air, of 
which the fixed air and the inflammable were ex- 
actly in the ſame proportion to one another as 
before; but the inflammable air at this time was 
al fired at one exploſion, and without that ha om 

Mo in 
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in the fame that 1 had'perceived before.” On the 
19th I took fm it about half an ounte meaſure 
of air, three eee __ ** and ehe 
reſt Influruriable] ! „ t 40 02, 1 509 1 
Aſter this 1 eee d quick 
ſilver into the ooπmon temperkture of the at 
phere, here they eontinuedt to the 1 3th of Januäryỹ 
following; im all which time very little was adde 
to the air chat had come from it beſdre its removal. 
I then, however, took from it half an ounce mea- 
ure of air, and it was all pure fixed air, without 
the mixtuie of any thing/inflammable” in it. Then 
placing it near the fire as before, it preſentlhy yield- 
ed another half ounce meaſure . Nen 
alſo wholly fixed ar. 28 
Obſerving that it ſtood near ian) dad: Ns 
after this without producing any more air, though | 
it was in the ſame degree of heat, I plunged the 
whole into a pan of water, and made it boil; by 
which means 1 got from it about one eighth of in 
ounce meaſure of air, the whole of which was 
fixed air; at leaſt the reſiduum was not larger 
than is uſual in pure fixed air; for it was too ſmall 
a quantity to make an experim upon with the 
flame of a candle. After this I kept it in à boil- 
ing heat a conſiderable tirne, wichout getting from 
it any air at all. It appears therefore, that this ' 
piece'of muribn yielded? ira EPO * 
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of which 2 28 was fixed, and the reſt inflammahle, 
eee eee 

On the 13th of March, 1780, L dock ben dead 
mice, of about equal ſize, and put them into two 
ſeparate eups, under different jars of common air, 
of very nearly equal bg rar 
taining 155 ounces of water, ſtanding in quick- 


ſilver, and the other 160 ounces, ſtanding in water. : 


Leaving them in the country to the care of 4 
perſon who ſupplied the veſſels in which they ſtood 
occaſionally with water or quickſilver, I went to 
London, and after my return, in the beginning of 
Auguſt, I found, by marking the veſſels, and mea - 
ſuring them afterwards, that the air in the veſſel 
which had ſtood in water was reduced to 140 


ounce meaſures z and on the 28th of Auguſt it 


was reduced to 135, but after ſtanding a fortnight 


longer, it was not ſenſibly diminiſhed any farther, 
The air in the veſſel which had ſtood in quick- 


filver was not ſenſibly diminiſhed at all. 
Admitting lime water to this veſſel, it preſently 
became turbid; but this being a ſlow diminution ' 
I removed the veſſel after ſome days to a trough 
of water, and then found that the air contained in 
it made lime water exceedingly turbid; and agitating 
this air in ſmall portions it was preſently reduced 
to 125 ounce meaſures;. ſo that all the quantity 
2 


. 
| 
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diminiſhed ſeems to have been fixed air, making 
like waar edebicdy -ainc} Grieg abocDW0-by water | 

The air in che veſſel which kal head in water, . 
notwithſtanding the opportunity there was for the 


fixed air depoſited by it being readily abſorbed, 


made lime water very turbid; and by agitation 


in ſmall portions this air was reduced to 130 ounce 


meaſures Upon the whole it appears, that 


the diminution in both of theſe caſes was nearly 
equal, viz. a little more than one fifth. _ 

In theſe experiments the two mice were thorough- 
ly putrefied, and indeed quite diſſolved, and no 
doubt had yielded all the air they were capable of 
yielding. But if the experiments on the putrefac- 
tion of mice in quickſilver recited above be com- 
pared with theſe, it will be found that the addition 
of fixed air, or air of any other kind, from the 
putrefied mice was quite inconſiderable, viz. an 


ounce measure and half of fixed air, and half an 
ounce meaſure of inflammable from each. 


It is true that mice putrefying in water yield 
perhaps more fixed air than in this proportion; 
but here they putrefied in air only. And that a 
very inconſiderable quantity is produced in theſe 
circumſtances, is evident from there being little 
or no increaſe of the air when' it is confined by 
quickſibver, which could not imbibe fixed air, if 
Vol. I, Wo any 


9 2 
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any had been | diſcharged from the putrefying 
mice. It will be found hereafter, that water is a 
neceſſary ingredient | in the conſtitution of both fixed 
a inflammable air. 

It might be queſtioned, whether the fixed air 
an in our aliments, can be conveyed by 
the courſe of circulation into the blood, and by 
that means impregnate the urine. I have found, 
however, that it may do it; having more than 
once expelled from a quantity of freſh- made urine, 
by means of heat, about one fifth of its bulk of 
pure fixed air, as appeared by its precipitating 
lime in lime water, and being almoſt wholly ab- 
ſorbed by water; and yet a very good air- pump 
did not diſcover that it contained any air at all. 
It muſt be obſerved, however, that it required 
ſeveral hours to expel this air by heat; and after 
the proceſs, there was a conſiderable whitiſh ſedi- 
ment at the bottom of the veſſel. This was, pro- 
bably, ſome calcareous matter with which the 
fixed air had been united; and by this fixed air, 
the calcareous matter, which would otherwiſe have 
formed a ſtone or gravel, may have been held in 
ſolution; and therefore, drinking water impreg- 
nated with fixed air, may, by impregnating the 
urine, enable it to diſſolve calcareous matters bet- 
ter than it would otherwiſe have done, and may 
therefore be a means of preventing or diſſolving 
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dhe ſtone in the bladder, agreeable to the wat 
of my friend Dr. Percival. 

From four  vunces' of dry oz Blabd 1 got 1200 
ounce meaſures of air, and I coker that not 
leſs than 200 ounce meaſures eſcaped. It con- 
tained. no fixed air. The firſt portion of it burned 
with a large lambent. white flame, the middle-por- 
tion fainter, and the laſt was hardly inflammable 
at all, but had a ſlight blue flame. What remain- 
ed of the blood weighed 255 grains, and was a 
very good conductor of electricity, which is not 


ulually the caſe with the charcoal of animal ſub- 
ſtances. 27 . 
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VARIOUS yroepaTIs 2 PIXED AIR. 


j Je 


$ecTiON. 
The 22 of fixed Air on Animals and Vegetables. 


JNSECTS and PE! ek which breathe very 
little are ſtifled in fixed air, but are not ſoon 


quite killed in it. Butterflies, and flies of other 


kinds, will generally become torpid, and ſeem- 
ingly dead, after being held a few minutes over 
fermenting liquor; but they revive again after 
being brought into the freſh air. But there are 
very. great. varieties with reſpe&t to the time in 
which different kinds of flies will either become 


torpid in the fixed air, or die in it. A large 
| ſtrong frog was much ſwelled, and ſeemed to be 


nearly dead, after being held about ſix minutes 


over the fermenting liquor; but it recovered upon 


being brought into the common air. A ſnall 
treated in the ſame manner died preſently. 


While 


%w 


Fer. E - obs kVA Tous of ti*i5 at or 
While 1 was taleing Expetiinetts'6h the ft 


air produced by the ſermentation of beer, in 'a 


pbblic! brewery; Which Wis 2 confliirible tht be. 


ore 1 attempted to procutt it in any other mia 


ner, 1 had the curioſity, dmong other things, to | 
try what effect it would Ravt on the vegetation of 
plants,” and the eli, of ſome delicate flowets; 
both which 1 could eaffly Tulpend within the region 
of fixed air over the fermnenting vats. The reſult 
of a few experiments, Which 1 itiade in theſe cir- 
cumſtances, was as fol Vt. 

* Fixed air is preſently fatal to vegetable lie. 
At leaft ſprigs of thint growitls in water, and 
placed "over the fertnenting liquor, will often 
become quite dead? in one day; fbr ds they 
recover when they are afterwards bröügfit ltd the 
common air. I am told; however, that ſome 
other plants ate much more Hardy in ; hid rel pect. 

A ted roſe, freſh gathered, "ont Its aße. 


| ard became of à purple colour, after being held - 


over che fermenting liquor about twenty four 


| houts; but che tips ot ah lt "> 


more affected thin the reſt of . Another red 
roſe turned perfealy white in this ſitustion: but | 


various other flowers, of different colours, were 


very little affected. Theſe experiments were 
not then repeated, 48 1 wiſhed they might be done, 
| H 3 in 


— 
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1 in pure fixed een e ieee, 
. of oil of vitriol. 
Aſter this I found a contrary. opinion, to prevail 
via. that fixed air is fo far from being deftrufive 
to vegetation, that it 1s the proper pabulum of ve- 
getables ; making them to flouriſh much gp 
. chan they could do in- other circumſtances ; and 
| that, inſtead of diſcharging the colour of roſe leaves, 
| it is a means of preſerving them, and all other 
moſt delicate flowers, in the greateſt perfection. PH 
therefore made the following experiments. 
On the 5th of June, 1776, I -put two. ſprigs 
of mint into two equal jars, filled to the ſame 
height with pure fixed air, extracted from, chalk 
by oil of vitriol, the lower parts of each j jar con- 
taining equal quantities of the ſame rain water; 
with this difference, that into one of the jars I con- 
veyed a little oil, to prevent the too quick abſorp- ö 
tion of the fixed air by the water. Alſo in the 
tame trough of water, in which ſtood the jar with- 
out oil, 1 placed another Jar, filled to the ſame 
height with pure fixed air, without any plant. 1 
4 preſently obſerved that the water roſe in all the 
| Jars exactly alike, except in that which had the oil 
on the ſurface of the water; and the next morn» 
ing both the plants appeared to be quite dead, 
their ſtems and leaves having became, almoſt black 
, and 
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and flaccid. After two days, when, there was evi- 
 dently no probability of the plants recovering them-, - 

ſelves, I took them out, and found the air to which 
they had been expoſed not in the leaſt changed, be-: 
dene ee by water as acer fares, | 
air. | kf! 

Thinking it pollible, clay 8 theſe ls 
died in a total change of atmoſphere, they might, 
notwithſtanding, have borne a partial charge of it, I, 
took three other plants, and put one of them into a 
jar of air of which u thirds, another into one of 
which ont half, and a third into one of which one, 
fourth was fixed air. But, to all appearance, all 
theſe plants died as quickly as the two former had 
done, een e Was, in fact, enen 
gderably rr ſuch viſible eckt wy ir as — 
blackneſs: and flaccid ſtate of the leaves and ſtalks. 
Jo cloſe this ſet of experiments, L in the laſt place, 
put only one eighth part of - fixed air to two plants 
which had been growing ſome time very well in 
| phials of water, Over which 1 had placed) Jas full of 
common air only, in order to avoid wetting the 
plants, or doing them the leaſt imaginable. injury, 
in any reſpect. But, not ithſtanding this, and 
though very little indeed of the fixed air could be 
ſuppoſed. to remain a long time, of ſa very ſmall a 
ny; expoſed to ſo very large a ſuface of wa- 

| FE 4 cer, 
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ter, in a few days the tips of the leaves, even to the 
tops of che plants, turned black: both of them foon 
ſhewed evident marks of decay: one of them died in 
about ten days, and the other did not furvive more 
than about three weeks. For in fuch a languiſhing 
ſtate, it 8 not eaſy to ſay at what preciſe time a plant 
muſt be pronounced to be properly dead. 

In the next place I tried the effect of water _ 

with fixed air on the roots of plants. 

In one caſe, a ſprig of mint, in the . | 
water, grew better than a fimilar plant in the ſame 
water not impregnated with fixed air ; but another 
plant grew much worſe than its companion in 
common water. Beſides, though it ſhould appear 
that, for a time, a plant ſhould grow better in this 
kind of water, it may, perhaps, be attributed to the 
effects of fimulus only, which is not peculiar to fixed 
air, but might reſult from the action of any other 
acid. And when I put a little common ſalt, or 
even a little ſpirit of nitre into the water in which 
the plants were growing, I imagined that, for ſome 
time, it rather promoted their growth. Alfo, though, 
in general, plants die almoſt immediately in water 
impregnated with nitrous air, yet in one caſe of this 
kind when the ſuperfluous nitrous air was carefully 
let out under water, ſo that no part of it was de- 
compoſed i in contact with the water, the 2 grew 
in it remarkably well. 

"The 
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The few obſervations that I have made on the 
growth of plants in water impregnated with fixed 
air, but which 1 do not pretend to be ſufficient to 
decide the queſtion, were the ſollowing. On the 
20th of Auguſt 1776, 1 gathered two flips of mint, 
roots; of which I put one of each kind into an eight- 
ounce phial of rain- water, and the others into other 
ſimilar phials, filled with the ſame water impreg- 
nated with fixed air; putting at the mouth of each 
of them a little: ſoft clay, to prevent the too eaſy 
eſcape of fixed air from thoſe that contained it, and 
mee eee it ane ne 
circumſtances. 
For eee eee eee e 
equally well; but after a weck it was evident that 
the flip of mint in the impregnated water, grew 
better than its companion. On the 4th: of Septem- 
der the plant in the fimple water was in a dying 
condition, and the other began ſenſibly to languiſh, 
and was mw 1. 3 about a week 1 the 
other. 

—— roots W . —— | 
Fee ſimple water much better than the other; 
and more of the water had been exhaled from the 
phial, the reverſe of which had been the caſe with 
the ſlips. On the 24th of September the: plant in 
| * fixed air was abſolutely dead ; but the a in 


ſimple 
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fimple water was very flouriſhing on the -a8th, | 
when I put an end to the experiment. Examining 
the phials of impregnated water, I ſound that nei- 
ther of them had intirely loſt its fixed air. That 
in which the ſprig of mint had grown, ſtill con- 
tained one ſixth of its bulk of fixed air, and the wa- 
ter in which the plant with its root had grown, 

which was a much longer time, W een 
one twelſth of it. 

To try the effect of different Pied on the- roots 
of plants, I firſt put into phials containing an ounce 
meaſure and a half of common water, ſmall 
quantities of common ſalt, from one grain to twelve, 
and more. In all thoſe which contained more than 
tirelve grains, the plants died immediately, but in 
chat phial the plant lived a few! days; and the reſt 
died, in their order, to that-which contained three 
grains of ſalt, which ſeemed to grow as well as the 
plant in ſimple water. And it was remarkable that 
not only this plant, but alſo thoſe which had died 

| ſeemed to flouriſh more at the firſt, than thoſe which 
grew in ſimple water : and that which had three 
grains of ſalt, and alſo that which had one grain, 
continued to live after the plant in ſimple water was 
dead in the ſame room. This was in my laboratory, 
a place unfavourable, _ e rae 43 but 
mier ot 8110 Je e | 


- 
* Fd 


Sprigs 
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Sprig⸗ of mint in one and a half ounce phials, « con- 


taining one, and even two drops of the ſtrongeſt nitrous 
acid flouriſhed very well, better, ſeemingly, than 
thoſe in mere water; but in water enn more 
of this acid, they died inſtantly. rf en 
I am far from pretending this: theſe eber. 
ments on the vegetation of plants in water impreg- 


nated with fixed air, are deciſive; but I think they 


ſhew that a very great number of experiments, and 
thoſe uniform in their reſult, are neceſſary to deter- 
mine this queſtion. When ſome plants grow bet- 
ter, and ſome worſe, ic makes it probable that the 
difference in the growth depends upon ſome nt 
circumſtance than the water in which they groß. 

While I was attending to the 1 — 
growth of plants in dephlogiſticated and common 
air, I at the ſame time made a few farther experi- 
ments on the growth of plants with their leaves 
expoſed to fixed air, though I was pretty well ſa- 
tisfied, from the experiments recited above, that 
this kind of air is undoubtedly injurious to plants 
growing in it. I wiſhed alſo, once more, to try 
the effect of inflammable air, with reſpect e 
tation. 


e in the mn 4 April 1777, - 


introduced a ſprig of mint into a phial of air, one 

third fixed and the reſt common; and having only 

once ſupplied it with freſh fixed air (when the bulk 
2 | : 1 
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| of the former was abſorbed by the water) I obſery. 


ed, that on the zd of May following, there were 
black ſpecks on ſeveral of its leaves, and in the 
courſe of a week it was almoſt wholly black; and 
evidently dead. It had not grown at all. 
At the ſame time I put another ſimilar plant 


into a jar of half freſh made inflammable air and halt 
common air, but it died preſently. 1 found, how. 


ever, by ſubſequent trials, that plants would bear 
a greater proportion of inflammable than they would 

of fixed air; ſo that from the circumſtance of plants 
merely living in a proportion of fixed air, it cannot 


be inferred that it is of 3/eff, a; EY 


their growth. 


The ſew experiments that I had an et 


of making before, left me altogether undecided 
with reſpect to the effect of water impregnated with 
fixed air on the roots of plants. But the many ex- 
periments that I have made fince, in 1777, and 
1778, have not left a ſhadow of doubt on my mind, 
that ſuch water is hurtful, and finally fatal to the 
Plants growing in it, at leaſt to ſprigs of mint; for 
I did not make the trial with any other plants. 

On the 28th of May I placed, in a green houſe, 
and not in my a cle as in the experiments 
mentioned before, three ſprigs of mint, with 
their roots in phials of water impregnated with 
Duct! -airs and thee: other plants of the ſame kind 
Vith 
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with their roots in the ſame water unimpregnated. 
Aſter a week I changed the impregnated water, on 
account of the mouths of the phials being leſt open, 
leſt the plant ſhould have been injured by putting 
any thing about them, to prevent the e e pern 
air from the water. 

During two or three days the) dale 
in the impregnated water were more-vigorous than 
the others ; but on the 8th of June following, they 
all looked much worſe than thoſe in the common 
water. Alſo thoſe in the common water had long 
white filaments ſhooting from their roots, where 
thoſe in the impregnated water had none of them. 
On the 18th of June, the plants in the impregnated 
water were all quite dead, their leaves having all 
fallen off one after another, beginning at the bor- 
tom. | Examining one of the phials, I found that it 
77. ͤ 
of fixed air. ä 

1 repeated theſe experiments Se caves in- 
the courſe of that ſummer, generally uſing many 
more plants than in theſe laſt mentioned, but the 
reſult was the ſame in them all. However, as it 
generally happened, on what account I cannot tell, 
that the plants in the unimpregnated water died; 
though later than the others, I deferred the laft 
and decifive trial till the year following, after which. 
I had no doubt remaining on the ſubject. 

| Oh 


1 
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On the 4th of May, 1778, I put ſeven ſprigs 
of mint into pump water impregnated with fired 
air, and ten or twelve in the ſame water unimpreg- 
nated, the phials being ſimilar, and I placed them 
all in a ſummer houſe, in the ſame expoſure. 1 
renewed the impregnated water every week, till 
the 23d of June, when all the plants in the water 
impregnated with fixed air were dead, the roots 
being black and rotten ; while the other plants were 
in as flouriſhing a ſtate as —_ and continued 
to flouriſh long after, till e a te * ex- 
periment. | 
On this occaſion I did not obſerve that the 
plants in the impregnated water were at any time 
more flouriſhing than the others, not even at the 
beginning ; and after a fortnight the difference in 
appearance, to the diſadvantage of thoſe in the 
' impregnated water, was very viſible. Thoſe which 
grew in the common water threw out many white 
. filaments from their roots, many of them fo long 

as quite to fill the phial, twiſting themſelves in all 
directions, and exhibiting a very beautiful appear- 
ance ; whereas there was nothing of this kind in 
any of the phials of impregnated water. On the 
contrary, the roots became preſently black, and at 
length rotted quite away. | 

One of theſe I had overlooked, and had neg- 
lected to change the water; and this plant threw 

8 7 Out 
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out a few white filaments; but, on renewing the 
impregnated water, thay: 1 became dn 
and periſhed. 

It was remarkable alſo, that two of the plants 
in the impregnated water threw out thick knots 
of thoſe white filaments in the necks of the phials, , 
juſt above the ſurface of the water, but not one 
of them within the water itſelf, - or ever entered 
the water. Alſo, when I took one of theſe plants, 
the roots of which were quite periſhed, out of the 
impregnated water, and put it into a phial of com- 
mon water, it threw out new white roots above 
the place n i d and e 
very well. 

Mr. Hey, of Leeds, piſſing! through Calne, Y 
where I then reſided, happened to ſee theſe plants 
in the laſt ſtage of the proceſs, and thought that 
no experiment could be more ſatisfactory. | 
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SECTION IL 
Of the Change made in fixed Air by the elefiric Spark. 


f Obſerved in a very early period of my experi- 

ments, that by taking the electric ſpark in fixed 
air, a part of it is converted into air that is fiot 
abſorbed by water. I have ſince repeated this 
experiment with more care; and though I have 
never been able to make the whole of amy propor- 
tion of fixed air immiſcible with water by this 


. means, yet I have always ſo far changed it, that 
the reſiduum was more ann 


but in different proportions. 
I took the electric ſpark about two hours in a 
ſmall quantity of fixed: air confined in a glaſs tube 


by mercury. Before the experiment, one thirtieth 


of the air was unabſorbed by water, but afterwards 


one fourth. The glaſs tube in which this experi- 


ment was made became very black in the inſide; 
and as this change is made in mercury by the 
addition of phlogiſton, it looks as if ſome of the 


Phlogiſton, which had made a part of the fixed 


air, had, by this proceſs, been ſeparated from it; 
and leaving a greater proportion of dephlogiſticated 


air 
2 


Sn. II ofSthv 451688 68 Fb Ak, fig ? 
air in the remalndef, Would neck ffärliy make 155 

miſcible with water. The backe on the 1 inſide 
of the tubes, if which the dedric ſpark. 1: is taken 


thtoiigh vile acid At of Eihition air, 1 before 
— o be mercury ſuperſaturated vith ph 0 


"Fra Hext tte cha 1 fe epeated this  experithent, 


1 attended to the juality of # he relidium before 
and after the Potis At fel was flick 4 


Reins tö coftfifmn * above. initntioHed conjecture: 
I tbok the Bec fpark in hotif Hd HH mitte 
m Iitce' ASHE thafl Raff 4h ömë mebfufe Bf fed 
if after Whith oft fifth öf the Whole was URL 
Förded BY Alter, arid tte ftandard of the reffitiürti 
Fig Gig. Of tht” offginit fk ait 46ut ie 
thirteth da uf fefbed by Winkr, ant the fahdaft 
of ce HAWBAr d fob. In tät ekpefffnt 7 
4 odfiriea he de gen) 6f oh 4s . wht 
T fade the eperftent Was incrcaftcck abötit x teff- 
tiech patt; which 1 do not pfetentt tb ex PHHH3ui 

Apait; 1 töbke the ciectric fpark auf hötr im Haff 
aff Güde mie Tue of fiel Hrs after which there 
remained as much reſiduuſi ühibfbrbed by wir 
& Had remitted in aBbut five times the quantity 
6f che fare fie air i Mich ho FH had Beth 
den. This riff Wis Mo Frick: purer oft 
Har of the otigitial fred Ar, dns fihdard of it BE: 
ing 6:8, WhEress tit" of the 6rigittlt" Glkif dir Fd 
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been, as before, 1.0, I repeated the experiment, 


and found the reſiduum ſtill greater, but of che 


fame pure quality; and in this caſe. I obſerved. a 
good deal of the black matter adhering to the in- 
ſide of the tube, | 

In the following experiment I obſerved'a farther 


change in this ſubſtance. In a ſmall tube, con- 
taining about one fifteenth of an ounce meaſure of 
fixed air, I took the electric ſpark. about an hour; 
after which there was a good deal of the black 
matter clouding all the inſide of the tube; but the. 
lower- part of it was covered with ſomething, of a | 


yellow colour, like ſulphur. In this caſe, the re· 
ſiduum not abſorbed by water was between one 


fourth and one fifth of the whole, and leſs. pure 


than the former reſiduums. Had not the dephlo- 


giſticated air in the fixed air paſſed into the mer- 
cury, tending to make it a precipitate per ſe? Was 


not this the cauſe of the reſiduum being leſs pure 


than before? And does not this experiment = 
prove, that phlogiſticated air may be compoſed of 
the ſame materials with . viz. Ahe. 


ticated air and phlogiſton? | 
Again, I took the aka. hk 3 — iy 


a ſmall quantity of fixed air, and obſerved that it 
was firſt increaſed, and then diminiſhed about one 


eighth of the whole; the inſide of the tube being 
ay . and below the mercury very yelloy, 
_ about 


c 


HS 4 #0 # 
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about the ſpace of a quarter of an inch quite round 
the tube. But that ſpace, or at leaſt part of it, had 
been above the mercury at the beginning of the 
proceſs. There remained one third of the air 
unabſorbed by water, and * en decal _ 
ſtandard: of it was 1.9. 3 g che? 
To vary the e 41 took; Us cletric 
ſpark in a quantity of fixed air confined by water, 
impregnated with fixed air. The quantity was 
much increaſed by the air extricated from the 
of it was incapable of being abſorbed by lime water. 
In the courſe of this experiment, I obſerved that 
water impregnated with fixed air is by no means 
ſo good a conductor of electricity as water impreg- 
nated with any of the mineral acids. | 
Again'-I'rrock the defiric ſparks in fixed air, 
confined by a little common water, and obſerved 
that the blackneſs mentioned above extended more 
than a quarter of an inch below the ſurface of the 
mercury, in the fame manner as the yellow colour 
had done before. In this caſe alſo, the refiduum 
was purer than that of the original fixed air. 
Again I took the electric ſpark half an hour in 
ſeven tenths of an ounce meaſure of fixed air, after 
which one tenth of it was immiſcible with water, 
and the reſiduum was evidently better than the 
natural reſiduum of the ſame fixed air. The ſtan- 


25 2 — 
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dard of that had been 1.0, and of che other 


about 0.8 5. 


r 
three fourths of an ounce meaſure of fixed air, 
after which it was increaſed in bulk one eighteenth. 


Water being admitted to it, there remained one 


ſixth unabſorbed. Being examined, the ſtandard 
was found to be as before, a little better * the. 
reſiduum of the ſame fixed air *. . 

| Being deſirous of aſcertaining whitheothis change 
in the conſtitution of the fixed air was owing to 
the light, or the heat produced by the electric ſpark, 
or ito ſomething peculiar to electricity. I * firſt 
threw a ſtrong light by means of a burning lens, 
on ſome pounded ' glaſs, confined in fixed air, for 
ſome hours. But though the reſiduum was by 


this means a little increaſed, yet being of the ſame 
quality with the common air, I ſuſpected that ĩt was 


the air which was neceſſarihy introduced through 
the quickſilver along with the pounded: glaſs. 
There was no change in the Aa at the air 
after the experiment. 

I repeated the proceſs with fine olaſs- houſe ſand, 


which had been nn expoſed o a hong 


* The addition of air in theſe experiments, Mr. | Monge found to 
be inflammable, which muſt have come from the calcination of the 
mercury, and not, as he ſuppoſes, from the decompoſition of the 
auater diffuſed through the fixed air. Mem. De Academie des 
Sciences for 1786, p. 430. 
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heat. But though the reſiduum was, increaſed, 


the experiment was hot, upon the whole, more 


ſatisſactory than the former. I alſo heated bits of 
crucibles in the ſame manner, and found the re- 
ſiduum larger than before, in the proportion of 
10 ta 6.6 but the quality of it was . * 
what this ſhould be oing, L cannot tell. 

once more repeated the experiment with bits 
of crucibles, and the reſult. was, certainly favourable 
to the hypotheſis of à real change being made in 
the quality of the air by beat, but I do not pretend 
to ſay that it was deciſively ſo. Aſter the proceſs 
with fifty ſix meaſures of the air there was a re- 
ſiduum of three: meaſures ; whereas before the ex- 
left a reſiduum of only two meaſures. And that 
introduced into the veſſel hy adhering to the bits 
of crucibles, was evident from the quality of the 
reſiduum, which was the very ſame, via. of the 


ſtandard of 1. 1. J alſo aſſured myſelf that there 


introducing the very ſame bits of crucibles into 
another equal quantity of fixed air. For I did 
not find that any ſenſible quantity of common Als 
had been carried into the veſſel along with them. 
However, by heating iron in fixed ä 


can be no doubt but that a ſenſible quantity of it 


is converted into 3 air 51 which, agrees 
I 3 with 
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putting pots of iron filings and brimſtone into fixed 


air, 


The experiments that I made of this kind 
were the following, in which it will be obſerved, 


that, though in ſome of them, there was an in- 
creaſe of the quantity of air after the proceſs, yet 
that it was by no means equal to the quantity that 
remained, unabſorbed by the water; and there- 
fore, there muſt have been ©farcher addition made 
of this-king-of air ind cent e 

Aſter heating turnings of malleable iron in a quan- 
Sd u for ſome time, I examined a part 
of it, and found that about one tenth of the whole 
was immiſcible with water. Having reſumed the 
proceſs with the remainder, I found a reſiduum of 
one fourth of the whole. There ſeemed to be a 
ſmall addition to the quantity of air aſter the firſt 
part of the proceſs, but I could not perceive. that 
there was any after the ſecond; I reſumed the pro- 


_ ceſs a third time, but did not find that I had made 


more than one fourth of the whole immiſcible with 

ter. At another time I heated the ſame kind of 

iron in fixed air, till of three ounce meaſures and 
three quarters of air there was a reſiduum of 0.8 


of a meaſure, which was ſlightly inflammable, burn- 
ing with a blue flame; and in this caſe there was no 
- ſenſible addition to the quantity of air at all. Laſt- 
ly, I heated iron in three ounce meaſures of fixed air 
"00 trains addition of 9.4 of a meaſure to the 


e 


into red. This Mr. Hey found to be true, and he 
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quantity of it; but there was a reſiduum of one 
meaſure and a half not abſorbed by water, Which 
durned with a tightly exploſive blue flame. 


8 EC T ION II. | 
22 Obſervations on the Properties 22 Av. 


I. The Acidity of fixed Aiv. 


E ED ar itſelf may be ſaid to be of the nature 
of an acid, though of a week and peculiar fort. 
Mr. Bergman of Upſal, who honoured me with a 
letter upon the ſubject, calls it the atrial acid, and, 
among other experiments to prove it to be an acid, 
he ſays that it changes the blue juice of tourneſole 


. moreover diſcovered that when water tinged blue 
with the juice of tourneſole, and then red with fixed 
air, has been expoſed to the open air, it recovers its. 
blue colour again, Mr. Bewley proved in the moſt 
deciſive manner, the acidity of fixed air, in the Ap-. 
pendix to the ſecond of my former volumes of Ex- 
peniments, p. 38 2. | 
| | 14 2. Fired 


2» 
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2. Fixed Air expelled from Water by boiling. 


The heat of boiling water will expel all the fixed 
air, if a phial containing the impregnated water be 
held in it; but it will often require above half an 
hour to do it completely. 


3. The freezing of Water impregnated with fixed Air, 


Having ſucceeded in making artificial Pyrmont 
water, I imagined that it might be poſſible to give 
ice the ſame virtye, eſpecially as. cold is known to. 
promote the abſorption of fixed air by water ; but 
in this I found myſelf quite miſtaken. I put ſeve- 
ral pieces of ice into a quantity of fixed air, con 
fined by quickſilver, but no part of the air was ab; 
ſorbed in two days and two nights ; but upon bring- 
ing it into a place where the ice melted, the air was 
abſorbed as uſual. 

I then took a quantity of ſtrong artificial, Pyrmont 
water, and putting it into a thin phial, I fer it 
in a pot that was filled with ſnow ſalt. This 
mixture inſtantly freezing the water that was conti- 85 N 
guous to the ſides of the glaſs, the air was diſ- 


charged plentifully, ſo that I catched a conſider- 


able quantity, in a bladder tied to the mouth of the 
| x | | | | | 
 Jalo 


% 


j 
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1 alſo took two, quantities of the ſame Pyrmont 
water, and placed one of them where it might freeze, 
keeping the other in a gold place, but where it 
would not freeze. This retained its acidulous taſte, 
though. the phial which contained it was not corked ; 
whereas the other being brought into the ſame place, 


where the ice melted very ſlowly, had at the ſame 


time the taſte of common water only. That quan- 
tity of water which had been frozen by the mixture 


ol ſnow and ſalt, was almaſt as much like ſnow as 


ice, ſuch a quantity, of air-bubbles were contained 
in it, by Mae Duets ain 
bulk. 5 


Having obſerved: a 3 3 in nitrous, 


air, by a mixture of iron filings and ſulphur, I 
wiſhed to know whether any alteration, would be 


made in the conſtitution, of fixed air, by the fame 


means. I therefore put a mixture of this kind into, 
a quantity of as pure fixed air as I could make, and 
confined the whole in quickfilyer, leſt! the water 
ſhould abſorb it before the effects of the mixture 
could take place. The conſequence was, that the 
fixed air was diminiſhed, and the quickſilver roſe in 
the veſſel, till about the fifth part was occupied by 
it; and, as near as I could judge, the proceſs went: 

| | on, 
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on, in all reſpects, as if "the ar in the unde bad 
been common air. i. 
What is moſt remarkable, in the we of this 
experiment, is, that the fixed air, into which this 
mixture had been put, and which had been in part 
diminiſhed by it, was in part alſo rendered inſolu- 
ble in water by this means. I made this experi- 
ment four times,' with the greateſt care, and ob- 
ſerved, that in two of them about one ſixth, and 
in the other two about one fourteenth, of the origi- 
nal quantity, was fuch'as could not be abſorbed by 
water, but continued permanently elaſtic. Leſt I 
ſhould have made any miſtake with reſpect to the 
purity of the fixed air, the laſt time that I made the 


experiment, I ſet part of the fixed air, which I 


made uſe of, in a ſeparate veſſel, and found it to 
be exceedingly pure, ſo as to be almoſt wholly ab- 
ſorbed by water; whereas the other part, 40-which 


| had put the mixture, was far from being ſo. 5 is 
Iron filings and brimſtone, I have obſerved, fer- 
ment with great heat in nitrous air, and I have ſince 
obſerved that this proceſs is attended with greater 
een Tk 
| 8; Iron i in fixed Aw. 
1 
Though 6 fixed air incorporated with water dis. 
folves iron, fixed air without water has no ſuch 
0 | power, 
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power, as 1 obſerved before. I imagined that, if it 
could have diſſolved iron, the phlogiſton would have 
united with the air, and have made it immiſcible 
with water; but after being confined in a phial full 
of nails from the 1 fth of December to the Ich of 
October following, neither the iron nor the air ap- 
peared to have been affected by their mutual con- 


6. Fixed Air changed by Incorporation with Mater. 


_ - | Mr. Cavendiſh obſerved that a certain portion of 

fixed air is no more liable to be abſorbed by water 
than common air. This, he ſtates at about one 
fixtieth part of the whole. I had the curioſity to 
try, whether, if I ſaturated a quantity of water with 
fixed air, and expelled it again by heat, that very 
air which had actually been in the water, would not 


Abe wholly imbibed by freſh water; and whether I 


could not, by this means, get a purer kind of fixed 
air than that which is immediately procured by 
means of chalk and oil of vitriol. This experiment 
I made twice, with all the care that I could apply, 


and found, in both the caſes, that even the fixed 


air which had been in the water, contained. as large 
a portion of that which would not be imbibed by 
water again, as the air which had been immedi 
diſlodged from chalk by oil of vitriol. 
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In order to be more ſure of this fact, I was more 
eſpecially. careſul, the ſecond time that I made the 
experiment, to uſe. every precaution. that I could 
think of, in order to prevent any error in the con- 
cluſion. For this purpoſe; I took rain-water, and 
boiled it about two hours, in order to get it perfectly 
free from air; and I began to impregnate it with 
fixed air a long time before it was cold, and there- 
fore before it could have imbibed any common air; 
and, in order to expel the air from it, I put it into 
2 phial, which I plunged in a veſſel of water ſet on 
the fire to boil, taking care that both the phial con- 
taining the impregnated water, and the glaſs- tube 


through which the air was to be tranſmitted, were 


completely filled with the water, and no viſible 
particle of common air lodged on the ſurface of it. 
Þ alfo received the expelled air in water, which con- 
tained very little air of any kind, leſt the very ſmall 
degree of agitation which I made uſe of, in order to 
make the water re-imbibe the air, ſhould diſengage _ 


any air from it. Alſo, that lefs agitation, and leſs 


time, might be ſufficient, I chiefly made uſe of lime- 
water: for this purpoſe. But notwithſtanding all 
theſe precautions, I found'a very conſiderable reſi- 
duum of air, not leſs than Mr. Cavendiſh had ſtated, 
that water- would not imbibe. 

At a time. when this reſiduum of fixed air hardly 


5 * the leaſt ſenſible whiteneſs to lime- water, 


examined 


7 


Set. II. onksRRVvATTOMS ON FIXED Am. 125 


examined the ſtate of it, and found, by the teſt of 
nitrous: air, that it was very little Worſe than com- 
mon air; two meaſures of this air, and one of ni- 
trous air, occupying the ſpace of tuo meaſu 
only. Hutrt well ” NO 999 1: i AED Kt 4 


We” Faned Ar expel Heat. 


1 expoſed fixed air, a pln eee 
of air, to a continued hegt, and in this caſe I made 
uſe of a green glaſs tube. I kept it in hot ſand a 
whole day, ſo hot that one end of the tube Was 
much dilated, but had not burſt. Opening it under 
water, one half of the tube was inſtantly y filled, and 
the remainder was the pureſt fixed air. I did not 
perceive any thing depoſited on the . as in the 
* of 155 marin ne air. I 


8. . 4 rc of Deen frm ct. comet 
AY 1 eee on 


x WY Py char. in 28 . air hom 
 « folyriog of hifrauch in, the aws ack; f found 
ſmall quantity of fixed air, but that when I repeat- 
ed the experiment, I could not find any appearance 
of the kind. I afterwards made an obſervation 
that will probably explain this diverſity of appear- 
ances, and which alſo theys that, unleſs care be 
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taken that the water in which the experiments are 
made contain little or no fixed air, miſtakes of 
this kind will certainly be made. For I found at 
one time that, if any kind of air was made to paſs 
through a quantity of water containing much fixed 
air, it would attract a portion of it, and would not 
eaſily part with it afterwards. At another lime, 


however (I think it was in colder weather) J found 


that air conveyed through the ſame kind of water 
(which was from a pump) did not attract any fixed 
air. But I have not had leiſure to examine the cir- 
curnſtances that might occaſion this 7 Of 


bots ee! ep e 


9 Of fined 42 in acetous Fermentation. 


As many of my cb acbb relic} to the 
vinous and putrefative fermentations, I had the 
cutioſity to endeavour to- aſcertain in what man- 
ner the air would be affected by the acetous fermen- 
tation, For this purpoſe I incloſed a phial full of 
ſmall beer in a jar ſtanding in water; and obſerved ' 
that, during the firſt two or three days, there was 
an increaſe of the air in the jar, but from that time 


it gradually decreaſed, till at length there appeared 


to be a nchen, of about one tenth Ge the whe 


| <4 During 
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Sw @ 7% 


was more than the, ina quantity ; ; but this * 
have been fixed air, not incorporated with the reſt of, 
the maſs;, for, withdrawing. the beer, which 7 Y 
found, to be ſour, after it had ſtood. 18 or 20 daß 
under the jar, and paſſing the air ſeveral times, 
through cold water, the original quantity was dimi, 
niſhed about one ninth. In the remainder, a can-; 
dle would not bum, 9d. a mou ould have died, 
preſently. bh bat a 
F. The ſmell of this air was werken, er 
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abs ert 
When I male my experiments on air affected by 
putrefaZion, 1 obſerved that the water in which the 
mice were ſuffered to putrefy, muſt” have tranſ- 
mitted ſome volatile Muvium from the putrefying 
ſubſtances, into the ſurrounding air. This I ſup- 
poſed muſt be phlogiſton, which putrefying ſub- 
ſtances certainly do emit, loaded with that matter. 
which affects the noſtrils with the ſenſe of ſmell, 
concerning which I know nothing. But beſides 
- this, I have found that, by this means, water be- 
comes thoroughly impregnated with fixed air, diſ- 
charged, no Goo, from the un ſubſtance. 
* hat | 
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That Ws bites might have got ſome fixed alr 1 fig. 
petted|; but to find that it had got fo very much, 


Town ſurprized me. 


Having put two dead mice into 4 quantity of wa- 
ter, and exainitiing the proceb after a month, 1 found 


that the water was ſtrongly imptegnared with A pu- 


_ trid eſftuvium, which was vety offchiſive, and that 


ſbmie air, unabſorbed by the water, lodged | in the top 
of che phial ; it having been flledwith water, and in- 


vetted in a baſon of the fame. With the impreg. 
nattd water I filled a phial with a ground ſtopper 


and tube, and making it boil, I expelled from it about 
its bulk of air, which, when &xatHined, Was found 
to be all pure fixed Alt. N. B. "THe water was very 
turbid, and during the proceſs it depoſiteq a white 
matter, reſembling a ſoft arch with ſome ſmall 
e pen OY r 00 2b) 
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we 5 8 Fixed dir aua Water. 


HAT water is an eſſential at Wy as 
- conſtitution of fixed air, as well as probably 
cf alirifih of ar, is demonſtrated by my experiments 
on terra pſnderoſa aerata'; and theſe may ſerve to ex- 
TER He Eg Rn 
on getting ſo little air from «balk, 

Heat, 1 obſerved, ſometimes is able to expel bur 
very little air from . chalk. I kept à very ſmall 


twelve inches in diameter, and twenty inches focal 
diſtance, more than half an hour, when the fun was 
near its greateſt" altitude, on the 23d of July but 
—— this long enpoſure to fo intenſe a 


air when thrown” into à veſſel of water, acidulated 
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quantity of chalk in the focus of-a burning lens, 


degree of heat, it ſeeted to give” as much fixed 


with oil of vitriol, as an equal quantity of chalk 


** 


— 


I 30 OBSERVATIONS on Thee! Al, Pars IN. 


this however, I only judged by the viſible efferveſ- 
cence, and did not make any attempt to meafure 


| the produce of air, in order to aſcertain the effect 


of theſe different circumſtances with accuracy. I 


have alſo kept chalk more than a quarter of an hour 


in the ſtrongeſt heat of a ſmith's PLS: in a Crucible, 
without making any ſenſible alteration i in it. 
When I put a quantity of chalk into a tall glaſs- 
veſſel, and kept it in as ftrong a/ſand-heat as it would | 
bear, without eng Red, extracted from it only 
about its own bulk of air; and this was fixed air. 
Terra ponderoſa; | (a ſubſtance af xhi | 
WrinmrinG has given u an excellent anahlſis) 
gives no fixed air by mere heat. But Id, that 
when ſteam is ſent over it, in a red heats. in an 
-earthen tube, fixed air is preduced with she greateſt 


- rapidity, and in the ſame quantity as when: it it diſ- 


a Melted in 2 and, ph We We 


b SY two ounces . 
by means of ſtram, 190 cunce meaſures of fixed air, 
ſehpure tliat at firſt 160 ounee meaſures of it were 
reduced by agitstion in water to threr and a, half, 
and of the laſt producæ, go ounce meaſures were 
reduced to one. Examining the reſiduum of the 
fuſt portion hy means of nitrous air, Iod it o 


hn E ng tw 


ee 
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Aer (this, attending: to te wut expended. in 
the proceſs; J. found Ear I procurge 330 Sung mea- 
ſures gf fixed air with che Joß of 169 grains of - 
tex. According d this, as the air weighed 294 
.. ̃ ͤ ined ajr go} haye beep fe 
bf of che vhole. 

Ig another experiment, bovieg. proxiaudy en 
ther chume ounces of the 2err-pondergſa yiekled abqur 
259 ounce; meaſures of fixed air, I attended only to 
che loſs. gf water in procuring it, and I found it to 
be about one fifth of an qunce, in two ſucceſſiye 
trials. The quantity of fixed air would weigh 225 
grains, and the water expended abqut 100 grains: 
ſo that, in this experiment alſo, the fixed air muſt 


| haye contained about one half of its weight of 
water. 


That water enters into the compoſition of fixed 
air, and adds conſiderably to its weigh, is farther - 
probable from the ſolution of terra ponderoſa in 
ſpirit of ſalt. Becauſe when the ſolution is evapo- 
rated to dryneſs, and the reſiduum expoſed to 4 red 
heat, the weight of the air, and of this reſiduum, 
exceeds that of the ſubſtance from which it was pro- - 
cured ; and it is probable, that a red heat would 
Inn any marine acid to it. 

Forty eight grains of terra ponderoſa diſſolyed in 
— and then evaporated to dryneſs, and 

* * 
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expoſed to a red heat, loft foi 
eight ounce meafures of fired Air, Uhich would 
weigh 7.2 grains; 'confequently;” three- ſevenths of 
the weight of the air was ſomething that hätl been 
gaified in the proceſs, and therefore probably. I 
| Ih he near coincidence of the reſults of theſe Gif. 
| ferent experiments is remarkable, and makes it al- 
moſt certain, that no marine acid is retained in the 
terra ponderoſa that has been diſſolved in it, after 
expoſure to a red heat; that the generation of the 
= fixed air carries off part of the water in the menſtru- 

ll um, and that this part of the weight is about one 
half of che whole. A LIN £13.28, eg 
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Fixed dir cy ial by. Means. of mitroius Acid. 


Daittt 


HAT. nitrous acid, and fixed. air, conſiſt of 


light on the following more carly experiments, 


- When heat. Can expel, no more fixed air from 
charcoal, jt ſhould, Fein that ſpirit of nitre (if this | 


acid itſelf be Mo a ge into fixed, air) can ex- 
tract mare from. it. For when I diſſolved, in ſpirit 
of nitre, ſome pieces ot Charcoal, which had been 
made with the ſtrongeſt heat of a.ſmith's fire, long 
continued, o that 0 more air could be ex xpelled 


474 


fixed air, as appear d by its, precipitating ime in 


mer YEA ein u 


© One.of zh men deci experiment af this kind, | 


S321 


belicye, ulpe@ts 20 .canrain , any, fixed air, "For 


though it makes lime water turbid, Dr. Black has 
Juſtly obſerved, that this is produced by its union 
with the ater, in conſeguence of which, the tie 


42 K 3. 


dhe ſame elements; differently, combined, will 


\' 


., ance made by the air which I produced from t 


PB, 2 
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is precipitated in a cauſtic ſtate A doubt, how- 
ever, might be made, whether the turbid appear 


ſpirit of wine, was reälly the effect of fixed air. 
I endeavoured, therefore, and with ſucceſs, to pur- 
ſie the experiment karte, and I did! it in ele fel. 
lowing manner: 

From a trürture of pin af wine aud ric ol 
nltte, dllutecc with water, 1 Produced 4 vity con- 
nderable quantity of air, the reteſt Patt of Which, 
being tectived i a large body of lite Water, was 
readily abſorbed; milking the water very tab. 
Waking about a quarter of an Hour, fill che preci- 

pitated matter Gb, I poured the Water fibm 
it, and putting 4 very fall quinticy bf tile previ 

pitare into ſome water out of which tlie ar hal been 
boiled, I poured a little diluted 6il'6f 

it, in a phiat with a groutid ſtopper and tube, a 

bund K &6 yield air in great plenty; ant this Ar, 
being admitted to linie-watty, tete te it 

reſpedts, Stine ak purb fixed ei cite Dow 

By this experiment it appears, that the {BA | 
formed by the union of this air aid the fine was 
really chalk; or limeſtone, yieKirig gertärie fixed 
air with acids, exactly us Other calcareouy ſubftahct 
do. The air was Ge genere from fpirit of fi- 


tte, ahd ſome other principle Writained it the fpi- 
ri of wine : it was then Hebtportted with Erne, 
and 
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and after that dilodged from the lime by the yitri- 
olic acid, and made to appear in the form of air 
again. 

Fixed air was alſd generated jar the ſolution of 
Yen Tn. 

Having diffolved a quantity of iron in ſpirit of | 
nite; diluted with an equal quantity of water, be- 
fore the efferveſcence was over I removed the veſ- 
ſel in which it was contained (which was a tall glafs 
Phial} into a ſand-heat, and received the air, which 
was tranſmitted through a glaſs tube, luted-with a 
mixture of ſand and clay, in phials containing rain 
water. The quantity of air produced in theſe 
eitcumſtances was very confiderable, and part of 
it was unqueſtionably fixed air, and what is re- 
murkably to the purpoſe of the experiment, the 
proportion of fixed air kept increaſing as the pro- 
eſs advanced, till at the laſt it was more than one 
third of che whole. All the reſt of the air was 
e pe eee eee 
us e | | | r 
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IT 1 that the Guns 2 
metals in the nitrous acid, which do not imme- 
lately yield any fixed air, will do ſo after. they 
have been expoſed to the common atmoſphere. 
This appears in the following experiment: 
Upon 108 grains of quickſilver I poured. the 
fame weight of ſtrong ſpirit of nitre, hanging 
balanced in a pair of ſcales; when I obſerved that 
the mixture loſt weight by the eſcape of air, till it 
was reduced to 123 grains. After this it gained 
weight, till it was conſiderably more than the ori- 
ginal quantity, but how much this additional weight 
was I neglected to take any account of. The 
mixture was made on the 25th of September, and 
when it had ſtood in an open and ſhallow veſſel 
till the 12th of January following, I diſtilled the 
whole of it to dryneſs, in a glaſs phial; when I 
- found that one ſeventh of the air produced from 
it was fixed air, and the reſt dephlogiſticated, I 
took in all, ſeven ounce * 125 loſt a good 
3 i deal 
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deal that: eſcaped by the luting, veſſel 
ao 
—.— byte wind — . 
3 nickte 
nitre into a — > nr 
tunity of oomm GOO 2 D 
- with the external air 
b e the diftilation till the ſol — 
e x I yeceinnd its e 1 
air, of which the firſt comm 
nitrous air, and the reminder — 4 5 
a jeſt oa off 
 - of fixed air in either 
© Rents — imblling. 
eee — 
5 they require conſiderable ti 
they ell burned, J have not found that 
2 3 that 1 could collect — 
. 
7 dads wids-Gzed aig in 
| * _ from the. doe 2 
. eee eee 2 
of impact no of a about 
ee eee, eee e — 
ck expel as much ara 4 three 
_— greateſt heat of a common fire, urged 
OR bellows, in a gun; barrel rw 
M an inch diameter, I: got by the — 


Mun 22 5 
I bn w-- 


e Whullted e de appearages mi vin 
either fror the 


aber of fit-coul. Pit- ecal itſelf; diftilled-in a glaſs 
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fifteen (ances meaſures of air} eleven of which were 
completely abſorbed by water, and the remain 
86 burfed with s lm bent blue fmune. The plilo- 


or from fore imper- 
— gant gut er rp AIR 
From twiee the quantity of wood-athes; which 
had been burned” about the ſame time with the 


Sthers, in a much wide? gun- barrel, I got about 


as in che former experiment, was fixed air, and 
the remainder burned with a lambent blue flame. 


ſerved that the firſt contained a much greater pro- 
poftion of fixed air than the" laft, though what there 
Was 6f it ſeerhied to be equally inflammable. 

A more deciſive experiment relating to the gene- 
Fallon of fried air than that which is mentioned 
above With wood aber, is ohe that I made with the 


veſſel, yields no fixed - air, but  6nly inflammable 
air, which, being fired in a wide-mouthed jar, burns 


wick a bright lambent flarne, without exploſion. 


But tlie aſhes of the ſarhe pit-cdal yielded much 


air, of which one half was fixed, and the reſt in- 
an 


| When 1 had expelled all the air that 
1 con fem a quantity of theſe aſhes, [I- mixed 
pirit af nitre with — and they immediately 
Fe 


' 


525. N bleed Rr, ue £39 


et edi ar a8" br and of Und de 
| was Ade; tad the Left b gow 
Nee 
nenen fate as Befbrfe D N23. 
Te be nete Kay Eüsgeg, id beben us "th 
'expetiinent with wood-athes;' an 
alfo the quantity of fixed air infbite#"by Mew in 
a given time, 1 kept the fame afhies, and Extracted 
air from therm at certain interval. I alſo did the 
ame ane ein Ferered aue KbMiniSes TE uf 
nature, andthe fes dere as follows." 
| nh che {86 ef April 1778, Tenth un this 
E 
got about eigfity ounce freaſures, half fixed air; and 
half inftafpfniable throughout; and en the ag r 
the finite trionth I repeated the proceſs on the ame 
aſnes, in 4 gift barrel, git BR 
ounce meaſures of air, the gre 10 
was | fixed" air, an che felt Mann The 
aner were schine ard bireke ater diger per nnn 
June the 2d, 1 extracted, by beat, i a gutt 
berrch Koln oba affics Rom which! air had often 
See exited before; in the ſarne maininer, and 
the laſt time on the — — ing, f 
air that chey would yield. "Was" went "668 
ounce meaſures; 'the firſt portions of which were 
half fixed! alt, and afterwards oe third; the re- 
mainder 
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mainder in both. caſes being inflammable, probably 0 
from; the iron. Ag deal of moiſture diſtilled 
1 zaſhes, tough they ſeemed to be per- 
n fron their colour, 


5 f 1 113 9573 ; 
| On the 23d of Ottobe! r the fume wood 
aſhes weighed nineteen penny-weights twelve grains, 
and, got from them, in a gun- barrel, about thirty 
ounce meaſures of air, of which more than twenty 
five ounce meaſures was pure fixed air, the remain- 
der inſammable, burning with a blue flame. They 
had not all been equally affected by the heat. Af- 
ter the proceſs, they weighed eighteen penny-weights 
ſix grains. That they had attracted fixed. air is 
evident, [eſpecially from the laſt Proceſs, in which 
che greateſt part of it was very pure. 5 
On the 18th of April, 1778, I got, from an 
Shiner, of ene aſhes, in a gun- barrel, nineteen 
ounce meaſures of air, of which at firſt two thirds, 
and at the laſt one third was fixed, air, and the 
reſt inflammable. On the 24th of the fame month, 
I extracted from the ſame. pit- coal, aſhes (which, 
as well as the wood aſhes in the preceding. experi- 
ment, had been expoſed to the open air in a diſh, 
ſo as to lay about half an inch thick) 1 ounce 
meaſures 


diy. After the proceſs, they, weighed eich. 


K I ob vi Trio WE n Tal. 
meaſures of Mir; bur with" more heat than before, TY 
Of the firſt part of this "air one tfürd as ed ak, 
but of the laſt hardly any; the reivialnde# being in- 


faintly, that probably the greateſt part of it was 
phlogiſticated air. 


Heating the ſame aſhes over again, in a ſhallow 
iron veſſel, and letting them cool, I got from them, 
by the ſame proceſs, fifteen ounce meaſures of air, 
Man» Loyd nga am en wer 
mmahle ... d wie n 1D) 
Common * 1 have obſerved, yields no 
foxed air, though the | aſbes do; but I haves, 
cate that chere is ſomething of a vegetable nature 
got, in a rs about an hundred ounce! mes. 
throughout, . ——— the 
firſt part of it burning with a bright white 2 | 
like inflammable air from common 
laſt part exploding like inflammable —— 
metals, only more faintly. Part of n 8 
11 N ee e letter 213 * 
re of drawing: xd air from fo ehe. 


that 


flammable, burning with a blue flame; but ſo 155 


ev 1: Jo 1166 


Of the cena of red Ar fm 6 add, a. 


% eee e n % Fer, I. 


that the aſhes ofrvegerable, and painerable ſubliances 
hayo, but chat. the additzgn ,of ſpirit. of wire gives 
chem that property. 503 ef ;e lads} 243 10 10d 


* * . 7 2 0 4 0 . 7 .4 " { 4 4 2 «6 
01 0 t : 11 11 „I 6 115 5 r nere £ Art Tx 14 
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On bene L997 12:0 237680 1 + 

Had an evident proof of the ————— 
air fam the vitfidic acid yrined with fpirit. of 
both; for\thar theſe two acids, viz. the vitrialic and 
nitrous, agree in being a * _— you? 

': After going irough he ee & 3 
3 from concentrated oil of vitriol and redtified 
ſpirit of wine, I had the curioſity to puſh the pro- 
ceſs as far as it would go, in order to examine 
whether any kind of air would be yielded in any - 
Auge of it. I therefore continued the diſtillation 
till the whole refiduum was converted into a black 
maſs, fall of | groſs matter; and taking as much 
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ounce ineafures I put chem ins a tall ghſ veſſel, | 
and diſtilled them-tb-diyneſs in a red hat fond heat, + 

The: fiſt air thet came pyRr Was the: S ον 
Air a line; phlagiſicuad, then che Bur off the 
atery gart, and aur that »8 large quantity of ain, 
at firſt elear, bus zawenls he middle of the; pro- = 
. ceſs very 4urbid; and White, but clear again 
laſt; -Jgeeaiyel, in all about -4 pint a balk uo 
four poxtions,.. cach af. ;*high ConfƷMsẽÿ̃ d about four = 
tifths of fixed ait, and the geſt _inflemmable, Hun- 
ing with, g blue flames but che propomign. of fixerl 
gir was meathing greater in the 'majdgle; portions 
than either in the firſt or the laſt. I ghanghecic 
poſſible, hat the cork, with- Which, Sn ell as 
With clay. and. ſand, che glab tube was deined. no 
the: glaſs yell! that captained the Materials, might 
ſupnly the inſmmable air an pare as L peut 
it was comeded and become black. N m be 
worth while to repeat this proceſs in @ glaG wett 
HFlaving gone oer ds Ppocaſe wich Apirir gf 
duced when I got vitriolie gcid air {roma witiolic 
acid and ether; and aherefore determined to repeat 
chat proceſs and carry. lit farther; 0 ſee: whather = 
1 ſhould, in any part iof it, get fined air, s in che 
| preceding e eie enn nid ile ſpirit of wine. 

I. Hereſore put one cighth pan of vitriohe quher 

o fa n diflled oil ene 


— 


* the 
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in a "ga" phial with a ground-ſtopper-and tube; 
: — — — I: got from it a 
dest quant of air part of *which was vitriolic 
beld ait, which was abſorbed by the water! But 1 
obſcrved/'as//the- proceſs atvanced, che | part that 
was not readily- abſorbed ter kept increaſing, 
till at length the greater part of the produce was 
'of this kind; and in the middle of the proceſs it 
was very turbid. "Examining this air it appeared 
0 be fited air, making lime water turbid, and 
being readily abſorbed by water; but there vas a 
nn | 
che whole. 5248s 902 e n 413 "Yay "%, 
1 den put the remaining materials which were 
(about an ones meaſure, into a glaſs veſſel; and 
with a fand heat 1 collected much more air than 
— about two pints in all, the firſt part of 
which was the pureſt fixed air 1 had ever ſeen, 
having the! ſmelleſt renduum. The laſt portion 
had more reſiduum, and this burned. with a lam- 
bent blue flame. But this inflammable matter 
might poſſibly come from the cork ' with which 
the veſſel was cloſed, as before; though I think 
it not ſo probable. At laſt the proceſs was inter- 
rupted by an accident; but I concluded; from ſeve- 
ral cireumſtances, eſpecially from the time that 
elapſed before the vapour ceaſed to iſſue from the 
I eee in the 


( hot 
1 0 5 N 4 ; . 
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hot ſand) that more chan twice the quantity of air 
might have been collected. The air had been 
very cloudy before the laſt portion, which contained 
che reſiduum of inflammable air. 
From this experiment, eſpecially that” with. the 
ether, in the glaſs phial and ground ſtopper, 1 
think it is pretty evident, that fixed air is a fa7i- 
e 


! 


2 


4 


> 
= 
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sere V. 4 
Of the Gel, of fixed Ar from. depblogificated 
Ar, and Phlogiſton, by the. Generation of ii from 
* together Subſtances n each ef them. . 


"Have ſeveral times given it as my opinion, 
that fixed air is a faZitious ſubſtance, and a mo- 
dification of the nitrous and vitriolic acids, my 
former experiments greatly favouring that conclu- 
ſion; but that it was compoſed of dephilogiſticated 
air and phlogiſton, though maintained by my 
friend Mr. Kirwan, I was far from being fatisfied 
vith, eee n 
| l r from 
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from 1 my < own former experiments, and gave kr 
leave to mention it, as he has done in his late 
"excallent paper on falts. © But 1 have wi Ly 
two direct proofs of it by experime tient. 

The fuſt experime riment which feerped to prove: e tha 
Axed air may be compoſed. of dephlog; d air 
and phlogiſton, was made with charcoal. and ks 
Precipitate, the charcoal being made with ſo great 
a degree of heat, "that no fixed air could be e = 
pelled from it, not even when it was wholly diſ- 
perſed by the heat of the ſun in vacuo. This 
experiment is certainly, however, not ſo concluſive 
as the former; becauſe, ſince dry wood and im- 
perfectly made charcoal yield fixed air, it may be 
faid that all the eleme#ts of this Kind of air were 
contained in the moſt perfe& charcoal. And 
_ thbugh this ſübſtance alone will hor, even with the 
Maler of water, give fixed Air, it might be faid, 
tit this' micht be effected by iin treatment wih 
other ſubſtances, without their. imparting an 
to it; eſpecially as the inflamimable air w 
procured. from charcoal by | means of water appears 
to, contain fixed air, when, decompoſed. with de- 
 phlogiſticated a ue. 1 think, however, that I have 
roved that this fixed air is really. a a commpolition of 
hlogiſton. contained in charcoal, and of the de: er 
Phlogiſticated air with which it was inflamed, Bp 


charcoal contributing bale to 1 its phlo- 


* = 
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piſton. In this place 1 ſhall only reeite the fats 
concerning the production of great quantities of 
| fixed-air from perfect charcoal and red precipitate, 

In order to expel all fixed air, I made a quan- 
tity of perfect charcoal from dry bak; and whille 
it was hot 1 pounded it, and immediately mixing 
four meaſures of it with one of red precipitate, 
and putting them into an earthen retort, 1 preſently 
got, in no greater 4 degree of heat than was neceſ- 
fary to /irevive the mercury, a large quantity of 
air, half of which was fixed air. Afterwards the 
proportien of fixed air was leſs, and towards the 
coneluſion of the experiment there came no fixed 
air at all. This reſiduum was a little better at the 
firſt than at the mee e ee 
2 aide Þ 

As this 4 ed Apen an 
giſtieated air than che eommon air of the atmoſphere, 
and no ſpirit of nitre; or any thing thar-could yiet! 
ſpirit of nitre, was concerned in the experiment, it 
ſhould ſeem that phlogiſticated air may be com- 
poſed of phlogiſton and deplogiſticated air; though 
this compoſition, according to the very capital diſ- 
covery of Mr. Cavendiſh, may be reduced to. ſpirit 
f nitre, or rather De i ow oo 2 ithe 
compoſition of that acid. U 

In another experiment 1 kit 8 
Ponies ef "the -charovat and red -predipirate for 
Lea. : | making 


Part IV. 


making pure fixed air. For mixing one ounce 
of red precipitate (which all chemiſts, I believe, are 
agreed to be the ſame thing with precipitate per ſe) 
and one ounce of perfect charcoal, freſh from the 
into a coated glaſs veſſel, I procured from the 
mixture, by heat, about thirty. ounce meaſures of 
air, the whole of which was the pureſt fixed air, 
leaving only about one ſortieth part not abſorbed 
by water, and this not inflammable, but of the 
ſtandard of 1.7, or almoſt: perfectly phlogiſticated. 
This experiment made me recollect thoſe which 5 
Thad formerly made with charcoal heated in nitrous 
acid, in which I had always procured a quantity 
of fixed air. I therefore repeated the experiment 
with ſome of the ſame charcoal which I had uſed 
in the preceding experiment, on the goodneſs of 
which could depend; and I found that, when it 
yas heated in the acid, in a glaſs phial with a 
ground ſtopper, it gave air, one, fifth of which was 
fixed air. At another time I got air in this pro- 
ceſs, one half of which was fixed air. To the 
formation of this air, I re that the phlogiſton 
from the charcoal and the dephlogiſticated air, 
which is known to be produced. hyf eee, 
acid, muſt have contributed. 
Being then apprized of the ebie@tion hes da 
be mat do che uſe mne, 


” 3 
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the great heat with which it was made, containing 
at leaſt the elements of fixed air, I made uſe of 
iron, to which no ſuch objection could be made; 
and mixing an ounce of the red precipitate with! 
an ounce of iron filings, and then heating them in 
a coated glaſs retort; 'T got twenty ounce meaſures: 
of air, of which only one ſeventh remained unabſorbed 
by water. The reſiduum we e e tag 
1.52, but ſlightly inflammabl Gee. 8 
Again, How half an ounce dress gg hd | 
half an ounce of iron filings, I got twenty fix ounce 
meaſures of air, of which the firſt part was pretty 
pure fixed air; but aſterwards one tenth af it re- 
mained unabforbed' by water. Then, increaſing 
the proportion of iron, I mixed one ounce of red 
precipitate with two ounces of iron filings, and got 
about forty ounce meaſures of ait, of the firſt por- 
tions of which only one twentieth was unabſorbed by 
water, though towards the concluſion of the proceſs. 
this reſigduum was greater, In this proceſs I got, in 
the whole, thirty fix ounce meaſures of pure fixed 
air, eompletely abſorbed by water, beſides what 
was abſorbed both in the firſt reception of the air F 
(which was. in veſſels containing water) and after- 
wards in transferring this air into thoſe veſſels in 
which the quantity of it was noted, the whole of 
which I ſuppoſe might be about four ounce meaſures 
more. Examining the firſt reſiduum of this pro- 
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ceſs by. nirous air, the ſtandard of it was 1.6, out 
aſterwardb 1.77. 

Haring heard that it was objected to-this expe- 
' rinnent; chat iron contains a quantity of plumbago, 


and that the fixed air which I procured might come 


from that ingredient in it (though the quantity was 
certainly. much too great; to be accounted for, in that 
way) L made uſe of other metals, to which no fuch 
objection could be made, viz. broſ and aint, and 
el gant any "CU | 
With two ebe hl plans ounce 
of red precipitate, and im a coated glaſs retort I got 
from it a quantity of air, two thirds of which was 
fixed air, The ſtandard of the reſiduum was 0.6 ; 
milan hmm what teh en em 


7 Þ appeared, in ſome of theſe experiments that three ouncs 
meaſures of dephlogiſticated air go into the compoſition of two | 
ounce meaſures of fixed air. For one ounce of this red precipitate 


gave fixty ounce meaſures of dephlogiſticated air; and when mixed 


with two ounces of iron filings, it gave about forty « ounce meaſures 


of fixed air that were actually abſorbed by water, beſides a refidu. 


um that was inflammable. I had the ſame proportion when I uſed 


Half an ounce of each of the materials. But when I uſed one ounce 


of each, I got only twenty ounce meaſures of fixed air, Son | 


the reſiduum. At other times Ar er wht. 


ferent quantities of iron filings and chargoal, | 
lt muſt be obſerved, however, that: part of the fixed ait is ep 


|  Imbibel] by the water in which it is firſt received, Otherwiſe, in 


this experiment, the fixed air would have weighed ng more than 


the dephlogiſticated air in the compoſition of it, o that nothing 
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W — was produced in. 4 
hays ſufficient for mx purpoſe.. a 
4 — 8 K 
—— and one ounce ge 
. i 
— retort very ſoon c — 4 
— ry a 1 did ne thin i neg 
repeat it. I imagine, however, that 1 1. 


fixed of this 
| fav iran be procured, WD a prom : 
Kam, writs there iſſued Wy 1 re 
pirate, ts ne of 


well due mineral gives * 

iron ” 3 I mixed 1 icated air, as : 
chem together had a . with 
Fel ho: far ee oun | of iron ln of 
. dual an. and he neſt of | 
n * 1 hy 

pe ng mn wr 6h ae 9 yr the. 
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be made in pure air, which is no doubt abſorbed by 
the metals; and this being again expelled by heat; 
together with the'phlogiſton which had belonged to 
the lead, is that, I preſume, which forms the _ 
— xrhep ip este. 
When 1 bees z cb ebse en u Un 
e 1 mentioned my having expelled ſome 
fixed air from it. This was from ſuch powder as 
I had found ready made ; and therefore, not know- 
ing with certainty what the compoſition of it was, 
I diſſolved one ounce of lead in pure mercury, and 
maths e e eee 
der, which, when the running mercury was pretty 
cazefully preſſed out of it, weighed. about twelve 
ounces. Then expoling it to heat, in a coated glaſs 
retort, 1 got from it about twenty ounce meaſures 
of air, making allowance for the quantity of fixed 
air, which, as I: ſuppoſed, might have been abſorb- 
ed by the water, in receiving and transferring the air 
before any account was taken of the quantity of it. 
Of this air about one thirtieth' part only was not ab. 
ſorbed by water. The reſiduum I did not examine. 
I .muſt however obſerve, that in general, beſides 
the fixed air, I obtained a conſiderable quantity of 
the pureſt. dephlogificated' ef wo that black 
powder, 
| In making the black powder that was uſed in the 
preceding experiment, I 3 * the 


; air 
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air in the phial, in which I ſhook the mercury, by 


blowing into it, ſometimes with a pair of bellows, 9 


and ſometimes with my mouth; and as it was ſug- 
geſted that this might have ſupplied the fixed air 
which I aſterwards found in the black powder, T 1 
diſſolved two ounces of lead in mercury, and got 
the black poder without blowing into the veſſel at 
all, only changing the air ſo much oftner as was then 
neceflary. From fix ounces of the black powder 
thus carefully prepared, I expelled four ounce mea- | 
ſores and a half of air, of which one and a half was 
pure fixed air. This was ſufficient to fatisfy me 
that ſome fixed air is certainly procured in this pro- 
ceſs. The refiduum of this fixed air was of the 
ſtandard of 1:7, or 1.8.” © I did not at this time 


get t from this powder all the air it would have 
yielded, 


Being 5 Sita that there was no veraliad'th. 
prepare this black powder with the precaution 
mentioned above, I repeated the experiment with 


ten ounces of it prepared in the readier method 
which I had uſed before, with a view to examine 


the reſiduum of the air, when the fixed air ſhould 
be ſeparated from it. The produce of air was in 
all about twenty three ounce meaſures, which I re- 
ceived in four portions of five ounce meafures each, 
and another containing the remainder. All theſe 
portions I examined ſeparately, en the pro- 


portion 
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portion of refiduum. in each of them, and the qua- 


ity, as meaſured by my uſual ſtandard, and the re- 


fult-was. as follows. Of the firſt portion there re- 
mained one fourth, of the ſtandard of 1.6; of the 
ſecond one third, of the ſtandard of 1.44; of the 
third one half, of the ſtandard of 0.8 ; and of the 
fourth three fourths, of the fame quality with the 
preceding. 

In the 8 tis refine wan one half of 


| the whole, and that I found to be ſo pure, that, 
mixing it with two equal quantities of nitrous air, 


the ſtandard of it was 0.63; fo that the quality of 
theſe reſiduums was continually purer, till at the 
laſt it was pretty highly dephlogiſticated. 

It may be inferred from both theſe courſes of e ex- 
periments, that fixed air conſiſts not of inflamma- 


ble air (which I ſuppoſe neceſſarily contains water) 


110 of pure phlogiſton, and dephlogiſticated air. 


In the experiments with the red precipitate and iron, 


no water at all is concerned, unleſs either the iron 


itſelf contain ſome, or the mercury, or dephlogiſti- 


cated air: ſince when the red precipitate is decom- 


poſed by itſelf, nothing 1 is produced beſides mercury 
and dephlogiſticated air, without any water. The 


experiment with the black powder will equally au- 
thorize the ſame concluſion, as neither the lead, the 


mercury, nor the pure air that combines with them, 


has been ſuppoſed to contain any water, It muſt how- 


5 Dae e 
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F 
ticated air is water. 

'Whike I am pon che ſubject of this Heck po- 
der, I ſhall obſerve, that it occurred to me to mix 
with it more matter containing phlogiſton, in order 
 toſee what change that would make in de reiuym 

From ſour ounces 9 ne, 8 
n 
retort, I expelled fifty four ounce meaſures of air, 
of which not more than four ounce meaſures were | 
fixed air, and the reſiduum, examined at; different 
times, was of the ſtandard of 1.3, and 1.44 E but 
che greater part of jt was of 1. 52, ſo that there was 
_ a conſiderable. production of inflammable air from 

the iron. In this experiment, I - raiſed, the. heat 
very gradually, till I had got one third. of the pro- 
duce of air. This I did from an idea that this mo- 
derate heat might increaſe the quantity of the fixed 
air, za 
this reſpect. 

Then varying the proportion {ike 
I mined twenty ounces of the black powder with 
only one ounce of iron filings, and receiving the 


air in three portions, obſerved as folloms. The 


firſt portion, which contained fix ounce. meaſures, 
had a reſiduum of 3.5,, of the ſtandard of 1.6. The 
ſecond, which was one ounce meaſure, had. a reſi- 
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duum of 0.12. of the ſtandard of 1.7; and the 
third portion, which was only one ounce meaſure, 
had a reſiduum of 0.12, of the ſtandard of 1.7. 
Whether this was the whole of the produce of air, 1 
do not recollect. 615 
In. order to try more filly the effect of different 
degrees of heat, I repeated the proceſs with the 
black powder, only determining to fuſpend the pro- 
ceſs in the middle of the produce of air. Accord- 
ingly I heated two ounces of the- black powder in a 
porcelain veſſel; when J obſerved that ſome por- 
| tions of the produce contained about one half fed 
air, and that this proportion kept growing leſs and 
leſs, till the produce conſiſted of nothing but the 
pureſt dephlogiſticated air, the ſtandard of it being, 
with two equal meaſures of nitrous air, 0.2.. I then 
let the veſſel cool, and obſerved. that, on reſuming 
the experiment, the air came with the ſame Py | 
to the laſt, 
Examining, the feſiduum in the other) I found 
half an ounce of red powder, the colour of. which 
could hardly be diſtinguiſhed from that of percipi- 
tate per ſe. So that, no doubt; the mercury had 
been converted into it, and this very pure air was 
probably that which came from the precipitate as it 
was reviving. In this way, therefore, it would be 
eaſy to make this precipitate in large quantities, 
art a method be found of ſeparating it from the 
red 
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red lead, wich which is, in this Moe. necefiari- 
| 1y mixed. | 
In the. Wien apariiens: it will have: been 
obſerved, that, at firſt, the reſiduum was conſider- 
ably phlogiſticated, but at the laſt remarkably pure. 
An accident in a ſubſequent experiment I once 
thought had diſcovered the cauſe of this difference. 
In the middle of one of the proceſſes, in which I was 
uſing the black powder only, heating it in a glaſs veſſel, 
a quantity of water was drawn up through the tube 


that communicated with the recipient, and got into 


the veſſel that contained the black powder; and in 
all the remainder of that proceſs, the reſiduum of the 
air was no better than about the ſtandard-of 1. . 
Mager came ayer along with this air to the very laſt, 
though the bottom of the veſſel was red hot. When 
the proceſs was over, the matter taken out of the 
veſſel was ſtill moiſt, and of a dark grey colour. 
On this I made a paſte of the powder with wa- 
ter, and drying it a little, immediately repeated the 
experiment with it; but I found no ſenſible differ- 
ence between the ſubſtance in this ſtate, and that 
which had not been wetted. Four ounces of it 
yielded rao ounce meaſures of air, of which about 
twelve were pure ' fixed air, completely abſorbed 
by water, and the reſt highly dephlogiſticated. 
However, in one proceſs of this kind, from two 
ounces and a half of this powder, which had been 
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moiſtened and dried again, I got ſeventy ounce | 
meaſures of air, of which only a very ſmall 'part 
was fred air, and the reſiduum was by no means 
pure ' air; For with two equal 
meaſures of nitrous air, the ſtandard was 1. 2 and 
1.3. At ether times alſo 1 have had much leſs 
fred air from this black powder when it had not 
been wetted,” than in ſeveral of the inſtances above- 
mentioned; and 1 have not as yet been able to 
diſcover che circumſtance on which the 1 
oo of it in a greater or leſs quantity depends. 

In the preceding proceſſes with this black pow. 
Py I always got from it more or leß of fixed 
dir. But thinking to produce more of it by heat- 
ing this fübſtance with a burning lens in dephlo- 
'giſticared air, 1 was furpriſed to find, chat T'only | 
Increaſed the quantity of dephlogiſticated air in the 
veſſel, and produced no fixed air at all. Whence 
this remarkable difference could atiſe, I do not 
pretend to ſay. It Will be ſeen, that, in this pro- 
cefs with inflammable air, I found it to be a matter 
of indifference whether 1 uſed this black powder 
or the red precipitate; both of them equally im- 
'bibing inflammable air, without producing either 
. u "DING Jr S157 4; 1907 
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Aerea derifve peoof vf the genenation 


of fixed air from phlogiſton and dephlogif- 
ticated air, is the coriſtant production of it hen 


iron is melted in dæphlogiſticated air over mev- 
cury, by means of a burning lens. This experi- 
ment being à very pleaſing one, I repeated it very 
dſten; and as it is on too? ſmall a ſcale to adinic 
f great exactneſs, I ſhall mention the reſults of 
ſeveral of them, obſerving, in the firſt place, chat 

no water is produced in chis process. 
In ſix ounce meuſures and à half of dephlogiſti- 
there remained only an ounce meaſure and one 
third, and of this twenty ſrven thirtieths-of an ounce 
meuſure was fed air. In fix ounce meaſures of 
dephlogiſticuted dir, of the ſtandard of o. 2, I melted 
#67 till it was reduced to O thirds of an otmce 

meaſure, of Which dne half was fixed air, andthe 
reminder obmplerely ꝓhlggiſticatodd. Agam, 1 


WIE 1 


# "uy 
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melted iron in ſeven ounce meaſures and a half 


of dephlogiſticated air of the ſame purity with that 


in the laſt experiment, when it was redyced o ant 


fiſths was fixed ir, and_the_revhuinder ph 
| cated. In this caſe I carefully weighed the finery 
cinder that was formed in the proceſs, and found 
it to be nine grains; ſo that the iron that had been 
melted (being about two thirds of this weight) had 
— mmm 
7 Wen the dephlogiſticated nd ae ee 
the quantity of fixed air will always be leſs in pro- 
portion. Thus having melted iron in ſeven ounce 
meaſures of dephlogiſticated air of the ſtandard of 
o. 65, it was reduced to 1.6 ounce meaſures, and 
e e eee e ee eee 
fixed air. Ruin v6 

e e of 
iron ſuperſaturated with phlogiſton, though of late 
tit has been ſaid by ſome, that it has acquired ſome- 
thing that is of the nature of an acid. From my 
experiments upon it with a burning lens in de- 
phlogiſticated air, I ſhould infer that the former 
hypotheſis is true, except that the ſubſtance con- 
tains ſome fixed air, which is no doubt an acid. 
For much of the qephlogiſticated air diſappears, 
. 

ol 


4 
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9 threw the focus of the burning lens upbn 


fifty: three" grains of Pruſſian blue, in à veſſel 


of dephlogiſticated air of the ſtandard of : 0:5 3, 
till all the colour was diſcharged; + Being then 
weighed, it was twenty two grains. In this proceſs 


uns ef the ſtandard of 0:94. Heating the brown 
powder to which the Pruſſian blue was reduced in 
this experiment in inflammable air, it imbibed 
eight ounce meaſures and a half of it, and became 
of a black colour; but it was neither attracted by 
the magnet, nor was it ſoluble in oil of vitriol and 


water, as I had expected it would have been. 
Again I heated Pruſſian blue in. dephlogiſticated 


air of the ſtandard of 0.2, without producing any 
ſenſible: increaſe of its bulk, when I found three 
ounce meaſures. of it to be fixed air, and the res 
nitwous air, the ftandard: of it wis 1.35. The 
ſubſtance had loſt eleven grains, en re 
of Which was evidently Water. 341 


To determine what quindey od nden Rede 
wn would d t Wen hone: Tint infendbaage 


of it into an earthen tube, and got from it fifty 
meaſures were fired air, in the proportion of one 
third in the firſt portion, + one fourth in the 
Vol. I. | | - liſt. 


ſeven ounce meaſures and a quarter of fixed air 
had been produced, and what remained of the air 
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laft. .- The remainder was inſſammable. There 
remained 140 grains of a. black powder, iht f 
vety little of it, probably the ſurface, brown. 
Comparing theſe experiments, ir mill appear.that 
the fixed air procured: by means of Pruſſian blue 
and dephlogiſticated air, muſt have been formed by 
phlogiſton from. the. Pruſſian blue and the dephlo- 
giſticated air in the veſſel. For if 240 grains of 
this ſubſtance yield ſixteen ounce meafures of fixed 
air, ten grains of it, which is more than was uſed. 
in this experiment, would have yielded 0.6 ounce 
meaſures. rere 
diſappearing of ſo much dephlogiſticated air, but 
e eee eee eee 
nen. 1 

a e eee wich ibn e bi 
doubted. but that the greater part of the dephlo- | 


giſticated air (viz. the water in it) incorporates 


with the iron, converting it into a /cale, or finery 
cinder, being the very ſame. fubſtance with that 
which is produced by tranſmitting ſteam. over iron 
when it is red hot; but at the ſame time ſome 
phlogiſton rnuſt be expelled from the iron, and unite 
with the dephlogiſticated air in the veſſel, in order 
to form the fixed air that is found in it; as in other 


Perhaps as deciſiwe a proof as any of the real 
production of fed air from phlogiſton and dephlo- 
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giſticated air, may be drawn from the experiments 
in which I always found a quantity of it when I 
burned ſulphur in dephlogiſticated air. In one of 


thoſe experiments to which E gave more particular 


attention, ſix ounce - meaſures and an half of de- 


phlogiſticated' air were reduced to about two ounce 


meaſures, and one fifth of this was fixed air. 
Much vitriolic acid air had been produced in this 
pruceſ: For, before I admitted any water to it, 
the ſix aunce meaſures and a half were only reduced 
to fizz” When both the vitriolic acid and the fed 


air were abſopbed by water, che remainder was very * 2 


pure r * * _— as it ber 
ng 03: 10 FR4 

I had ee fixed air could 
be produced: by. the decompoſition of inflammable 
air, which had been procured by means of the 


it with that which I had got by means of the vitriolio 
acid ; but I learned from Mr. Metherie; chat this 


is peculiar to the vitriolic acid, the remains of which; 


diffuſed through the inflammable- air procured by 


it, he conjeftures,” may decorapoſe the fired air 
actually produced in the proceſs. See his Treatiſe, 


p. 110. For, as I have hinted before; when the 
inflammable- air is produced from iron, by means 
of ſpirit of falt, there is a very petertvable quan- 
1 when it is united with dephlogiſ- 


1 21 ttcated 


_ 
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ticated air. When I decompoſed theſe two kinds 


of air in equal quantities, they were reduced to 
about o. 5 of a meaſure, and of this not more than 


periment, ought, however, to be added to the 

other proofs of fixed air being produced by the 

union of the dephlogiſticated air and phlogiſton. 
The laſt inſtance of the generation af: Arch r 


from phlogiſton and dephlogiſticated air, which-I,_ 


ſhall mention in this ſection, is of a much more 


HFaving made what I call charcoal copper, by 
making vapour of ſpirit of wine paſs over copper 


when it was red hot, I took a piece of it, and, 
with no very particular view, heated it in different 


mon air, and not obſerving any increaſe or deereaſe 


of the quantity of air, concluded, but too haſtily, 


that no change was made in it. For when I re- 

peated the experiment in dephlogiſticated air, the 

charcoal burned very intenſely; and when a part 
of it was conſumed (which, like common charcoal 


in the ſame proceſs, was done without leaving any 


0 eee 
could apply afterwards: had any farther effect on 


what was leſt of the charcoal. Concluding, chere- 
fore, that ſome change muſt be made in the quality 


8 
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tenths of it to be the pureſt fixed air, and the re- 
ſiduum was ſuch as would have been made by 
ſeparating the abſolutely pure part of the dephlo- 
hr dan NF pe TRE. 


n * e e e 
periment, weighing the piece of charcoal very 
carefully before and aſter the proceſs, and then 
found that, by the loſs of one grain of the char- 
coal, I reduced four ounce meaſures of dephlo- 
giſticated air till one ninth only remained unab- 
ſorbed by water; and again, with the loſs of one 
grain and an half of the charcoal, I reduced ſix 
meaſures and an half of dephlogiſticated air till 
five ounce meaſures and a half were pure fixed air. 

In this proceſs there was a diminution of the 


bulk of the air after the experiment, as might be 


expected from the change of the air into one of 
a heavier kind by means of a ſubſtance, or prin- 
ciple, that could not add much to the weight af 
At; but I did not accurately meaſure this. In one 
of the experiments 4.3 ounce meaſures of dephlo- 
giſticated air were diminiſhed, I obſerved;; about 
one thirtieth part of the Whole. But being in a 
pretty wide veſſel, ſuch. a meaſure cannot be ac- 
curate enough for computation. In this caſe, when 
the fired air was ſeparated by water, there was a 
dne of 0.75 of a meaſure of the ſtancdatd af 

4 75 855 * | 1.O, 
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10, whereas the r W air n 
That dephlogiſticated air actually an 
the compoſition of | fixed air in this experiment, 
is evident from the weight of the fixed air, which 
far exceeds that of the charcoal, which is diſperſed 
in the proceſs. For in this laſt experiment the 


weight of the fixed air produced was 4.95 grains. 


Conſequently, ſuppoſing the charcoal to be wholly 


-phlogiſton, as it is very nearly ſo, fixed air may 


be ſaid to conſiſt of 3.45 parts of dephlagiſticated 


air, and 1,5 phlogiſton. So that the dephlogiſti- 
cated air is more than. three times Gs PP 


of the phlogiſton in it. 


I ͤmuſt not conclude this Galen abs 
ſerving that, I never failed to produce fixed air, by 


Heating iron in vitriolic acid air. I repeated the 


remarkable refult. In this eaſe the ais. 
ciple, which is the chief ingredient in dephlogiſti- 
cated air, muſt have ot caged by dhe add in 
the air. 

In one of the experiments, W 
of the vitriolic acid air were reduced to o. 656 of an 


ounce meaſure ; and of this three parts and one half 


of the whole was fixed air, abforbed by lime water, 
and the - remainder was ſlightly inflammable. In 


another experiment I could not perceive any thing 


inflam- 
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inflammable in che refiduur. It appeared to be 
only phlogiſticated air. But theſe teſiduums are 
always ſmall,” ſo chat it is not eaſy to diſtinguiſn 
weakly inflammable air from that which is phlo- 


n dot 
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A. . 
other ſubſtance containing phlogifton is 
heated in dephlogifticared air; ſo when precipitate | 
per fe, or any other ſubſtance containing dephlo- 
OY RO EN TANCE 
never fails to be pfocured. 

In ten ounce meaſures of Fümunmm 
malleable iron J revived red precipitate till there 


"remained only 1.1 ounce meafure of air, and of 


this 0.07 ounce meaſures was fixed air, being com- . 
pletely abſorbed by water. The weight of his 
air would be 0.063 gr. But, ſince 90 gramms 
3 | of 


— ¶ ͤ ͤ —ͤ .. Ä———ä5ö ; 


periment, but abundantiy more than 1 weight 
of the plumbago. 25 
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of iron will yield 1054; ounce. weaſures of inſum 
mable air, the iron employed in procuring all. the 
inflammable air that was uſed in this experiment, 
viz. 8.9 ounce meaſures (without allowing ſar any 
that went to the revivification of the mercury) 


would be 8.1 grains; and ſince M. Bergman ſup- 


poſes, that 100 grains of iron contains 0.12 grains 
of plumbago, the quantity of it in this iron would 
only be 0.01008 gr. which is not quite a ſixth 


part of the weight of the fixed air. 


Wich ſome precipitate per /e, ſent me by M. 
Berthollet, I revived mercury till eight ounce mea- 


ſures and a half of inflammable air was reduced to 


two ounce meaſures and a half, and of this 0.04 
oz. m. at leaſt was fixed air. This is not quite 
ſo much in proportion as in the preceding ex- 


. 


In eight ounce meaſures. of 3 air 1 


| revived minium (which I found to haye exacthy the 
ſame effect in this proceſs as red precipitate, or 


precipitate per /e) till it was reduced to 1. 2 ounce | 
meaſures ; and of this 0.028, oz. m., was fixed 
air, which would exceed the weight of the 


plumbago more than three times. In reviving 
lead from maſſicot (which 1 prepared by expelling 


the pure air from vain), I had no e in 
the elde. , 1 
In 
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In ſeven eunce meaſures of inflammable air 
from tin by ſpirit of ſalt, I revived red precipitate 
till it was reduced to 1. 1 qunce meaſures. and in 
this the fixed- air Was onen d. than in 
proportion to that in the laſt experiment. 
l do not know that any objection can — made 
to the infammable air from tin, as this metal has 
not been proved to contain phambago, I wWiſhed, 
however, to repeat this experiment with inflamma- 
ble air from ſulphur. But though, when ſteam is 
ſent over melted ſulphur, a ſmall quantity of in- 
flammable air is procured; yet, as ſulphur cannot 
part with much phlogiſton, except. in proportion 

as it imbibes pure air, to form oil of vitriol, I could 
mae an eee | 
purpoſe. , 

In nodes 0 ſupply che e with pure air, I 

r\ixed with it a quantity of turbitb mineral; but 

made it yield vitriolic acid air, though in great 
abundance, there not being, I imagine, water 
enough to form inflammable air: for when iron 
is diſſolyed in concentrated acid of vitriol, vitriolic 
acid air is produced; but in diluted vitriolic acid, 
the produce is inflammable air. With a view to 
ſupply theſe materials with water, I ſent. ſteam 
over them; but it did not combine with zue; 
which, was, ſtil ** vitriolic e ar. 
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470 os TVA Tons on FHD An. Part TV, 
She, however, vitriolic acid air 
ecbntains the ſame principle which forms the in- 
flammability of inflammable air, this experiment 
proves that fulphur is not that fimple ſubſtance 
which the antiphlogiſtians ſuppoſe it to be; but 
chat it contains phlogiſton. Had it been nothing 
more chan a ſubſtance which had a ſtrong affinity 
to pure air, it would have united with the pure 
air from the turbith mineral, and have made 
vitriolic acid; but no vitriolic acid air wou have 
been produced. 

That vitriolic acid air contains the ſame inflam- 
mable principle with inflammable air is evident 
from the quantity of vitriolic acid air which 1 


produced by reviving copper from blue 'vitriol | 


in inflammable air. Mr. Kirwan alſo produced 


this air from ſulphur and red precipirate. See his 
Treatiſe on Phlogiſton, p. 29. 
When I uſed a ſmall quantity of ſulphur in pro- 
portion to the turbith mineral, the firſt produce 
was vitriolic acid air, and afterwards dephlogiſti- 
"cated air, from the turbith mineral alone, the ee 
Aide fur kur having hechexhouſted. 
According to the antiphlogiſtic theory, phoſpborns, 
4s well as ſulphur; is a ſimple ſubſtance; and 
when it is ignited imbibes pure air, and thereby 
- becomes the phoſphoric acid, without parting with 
any thing, But I find, that after the accenſion of 
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quantity of fixed air in the reſiduum; and this fixed 
air could. only be formed by the union af the de- 
any plumbago in phoſphorus, this experirnent is 
not liable to the objection chat has been made to 
cthoſe Wen ene 
aſe ol. 
Comparing e with thats in which 
iron is ignited in dephlogiſticated air, and ' thoſe 
in which nitrous acid is produced by the aceenſion 
of dephlogiſticated and inflammable air, this gene- | 
ral concluſion may be drawn, viz. chat when either 
inflammmable or dephlogiſticated air is extracted from | 
any fubſtarice in contact with the other kind of air, 
ſo that one of them is made to unite with the 
other in what may be called its x4/cent fate, the 
reſult will be fixed air ; but that if both of chem be 
completely formed before their n th 2 | 
will be nitrous acid. - 
It has been ſaid, that the fixed air e ä 
both theſe experiments may come from the plumbego 
in the iron from which the inſlammable air is 
obtained. But ſince we aſcertain the quantity of 
ne contained in iron by what remains after 
2 3 | its 


& 


its ſolution in acids, it is in the higheſt degiee kn 
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probable, that whatever plumbags there may be in 
iron, any part of it ſnouldl enter into the inflamrna- 


dle air procured from it. Beſides, according to 


the antiphlogiſtie pn all inflammable” ir 


comes from-water only. 


In the courſe of theſe 8 
more completely than before the ſource af my 


former miſtake, in ſuppoſing that fixed air was a 


of manganeſe. Both theſe ſubſtances, I find, give 
of themſelves only dephlogiſticated air, and that of 


e pureſt Kind; and all the fixed air they yielded 
in my former experiments muſt have chme from 
- the gun- barrel I then made uſe of, which- would 

yield infiammable air, which, with dephlogiſticated 
air, forms fixed air. For though the dephlogiſti- 


cated air from red lead was ſo pure that, mixed 
with two meaſures of nitrous air, the three mea- 


| ſures were reduced to five hundredth parts of a 
meaſure, and the ſubſtance gave no fixed air at all 
When it was heated in an earthen tube or retort; 

yet by mixing iron filings with it, or with manga 


neſe, as I had formerly done with red precipitate, 


I got more or leſs fixed air at pleaſure, and err 


time no dephlogiſticated air at all. ny 
1 cannot + conclude theſe . obſervations. Aer 


taking notice, how W an inſtrument in 


philo- 


5 
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philoſophy is a good burning lens. This muſt 


have been perceived in many of my former experi- 


ments, but more eſpecially in theſe. By no other 


means can heat be given to ſubſtances in vacuo, or 
in any other Kind of air beſitles atmoſpherical ; and 


without ſome method of doing this, no ſuch ex- 
periments as theſe can poſſibly be made. I there- 


fore congratulate all the lovers of ſcience on the 


fucceſsful attempt of Mr. Parker to execute ſo 
capital an inſtrument as he has doe of this Kind. 
Such ſpirited and generous exertions reflect honour 
on himſelf; and on Our ioduntry W It l lnly m be 
wiſhed, that we could have lenſes of a ſmaller ſize 
(viz. from twelve to eighteen inches Yiameter) 
made tolerabliy cheap, ſo that they miglit be in 
more cotmꝶmon uſe. All the preceding experiments 
were made with one of twelve inches in diameter. 
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on the action of different kinds of air-through 
2 bladder, that fixed. air conſiſts of dephlogiſticated 
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— * which'T a) 
leaſt able to account for, was the dirninution of 
nitrous: air in a bladder ſwimming at liberty in a 
trough of water; the conſequence of which had 
always been, that in a few days the nitrous air was 
diminiſhed about one fourth, and this was phlogiſ- 
ticated air. All the progreſs that I had then made- 
in the inveſtigation of this curious fact, was finding 
that it depended, as I then thought, upon the blad- 
der being kept alternately dry and moiſt; becauſe 
when the bladder was kept covered with water, 
it remained full, and the air within it was not 
changed. This was alſo the caſe when the blad- 
der was kept dry. But I did not conſider that 
| | | no 
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no air in contact wich it; and T-did not chen 
ſuſpect that this change in the air depended on the 
action of the nitrous air upon the external common 
air through a moiſt bladder; though I had found 
that coagulated blood has a power of acting upon 
air, and is of - courſe n | 
air, through any bladder. 
At length, bulpedting der this might be the wy 
I made the following experiment. Taking a 
of nitrous, alan tying it very nn — 
it into a glaſo jar, which contained forty ounce | 
meaſures of common air ; becauſe, in that propor- 
tion, they would be able, if they had any mutual 
action, to ſaturate one another. Wishing at the 
fame time, to obſerve the changes that mighe 
gradually take place in r e 
I examined them both at different periods --- 
The proceſs was begun on tlie 18th of May, 
and on the 2 iſt I found that there were only tlürty 
ſour ounce meaſures of the common air, and eleven 
of the nitrous, the (bladder being quite ſoumd j ſo 
that it was ſufficiently: evident, that the two kinds 


of air, had affected each other through the ſub- 

month there wert thirty" one ounce meaſures ane 

a half of the common air, and ſour and a half of 

8 nitrous z and examining the tate of both of 
them, 
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them, I found the ſtandard of the common air to 
be 1.8, which was a ſtate very near that of extreme 
phlogiſtication ; and that of the nitrous 1.7. That 
is, equal meaſures of this and of common air, oc- 
8 — of - 1.7 meaſures, which ſhews that 
it had almoſt loſt its power of affecting common 
air, or to expreſs myſelf perhaps more correctly, 
there whs- du a n n, . . air 
in it. | [ 
aka Swat eximbied en 6208 
hut time, after having obſerved no farther change 
for ſome days in the quantity of the common air 
(as indicated by marks which I had made on the 
ounce. meaſures of the common air, of the ſaine 
quality as when I had examined it before, viz. of 
the ſtandard of 1.8, and only three ounce meaſures 
of the nitrous air, and it did not affect common 
air at all. Neither of them contained any por- 
ͤ 25. NP hs 
a candle. 14 0 WO 41 60 : 
Nothing now e ene a 
tice, with reſpect to my former obſervation of the 
diminution: of nitrous air, contained in a bladder. 
Burl farther wiſhed to ſatisfy myſelf with reſpect 
mon or dephlogiſticated air, in the ſame circum- 
es | Nitrous air 6 pure air by: ſimple 
9560! 5 | _ | 
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cantact, without ignition ; ; whereas, inflammuable 
air, J had obſeryed, has very little effect upon pure 
air when they are ſimply mixed together. I was, 
therefore, ſurprized to find that inflammable air has 
a very conſiderable action upon dephlogiſticated air 
through a bladder, without any aſſiſtance from 
heat; and moreover, that the union of theſe two 
kinds of air, thus produced, forms fixed air. The 
experiments which I made for this purpoſe, were 
as follows. a 
Into a jar containing 123 ounce. meaſures of 
dephlogiſticated air, I introduced a bladder, con- 
taining twenty three ounee meaſures of inflamma- 
ble air; and after a few days, I obſerved that the 
bladder in which it was contained was become a 
little flaccid. After about three weeks, I examined 
both the kinds of air, and found that the bladder 
contained only two ounce meaſures, and that this 
was no longer inflammable, but extinguiſhed a 
candle, though it had in it a mixture of pure air, 
The air within the jar then contained one twentieth 
of its bulk of fixed air. The dephlogiſticated gir 
was diminiſhed ſeven ounce meaſures; and from 
being of the ſtandard of 0.5, with two equal mea- 
ſures of nitrous air, it was naw become of 1.4. 
The bladder had a ſlight ur of n oy 
ir was perfectly air tight. 
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11 is obſervable, that in this experiment part of 


the dephlogiſticated air had paſſed unchanged into 


the bladder of inflammable air, whereas the inflam- 
mable air which had paſſed through the bladder 
Into the dephlogiſticated air, had united to it, and 
formed fixed air. The tranſmiſſion of the dephlo- 
giſticated air through the bladder was much more 
remarkable in the following experiment. 

Having introduced a bladder filled with mitm | 
mable air into a large jar of dephlogiſticated air, 
the bladder, after two days only, had in it a great 
mixture of dephlogiſticated air, and was as much, 
diſtended as when it was firſt put into the jar. 
A quantity of it exploded exactly like a mixture of 
one third dephlogiſticated, and two ' thirds inflam- 
mable air. The bladder was perfectly ſound and 
ſweet, and the dephlogiſticated air was not n, 
altered. 

Again, having introduced a bladder containing 
ten ounce meaſures of inflammable air into a jar 
containing one hundred ounce meafures of dephlo- 
giſticated air, of the ſtandard of 0.3, I found, about 
a month afterwards, that the air in the jar was 
diminiſhed to ninety ounce meafures, and the in- 
flammable air to five ounce meaſures and an half. 
The quality of the air in the bladder and of that in 
the jar was very nearly the ſame, though the blad- 
der was perfectly ſound. and ſweet. The air in 
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the bladder, with equal meafures of nitrous air, 

was of the ſtandafd of 0.76, and that in the jar 
of 0.74. Both of them alſo contained a ſmall por: 
tion of fixed air. In this caſe, therefore, both the 

| kinds of air had not only been tratiſmitted through 
the bladder, but ſome decompoſition had alſo taken 

place within it, as well as within the jar. 

In another experiment of this kind, boch the 
bladder of inflammable air, and the jar of dephlo- | 
giſticated air, after ſome- time, contained each of 

them a portion of fixed air, and likewiſe both the 

kinds of air unaffected by each other. For both 

of them exploded when they were examined _ 
| parately. > 

It ſeetns to follow from theſe experiments, that 
fixed air is really formed when inflammable air of 
charcoal, &c. is exploded together with dephlogiſ- 
ticated air; and alſo that the greatneſs of the heat 
prevents its formation, when inflammable air from 
metals is uſed. For though, in the exploſiohs with 
the electric ſpark; no fixed air was produced frorn 
the decompoſition of the pureſt inflammable air, 
it was evidently ſo with the ſame kind of 'inflam- 
mable air in theſe experiments with a bladder In 
which no heat is uſed, 1 
The formation of fixed air from dne ap 
dephlogiſticated air, is more evident from the great 
quantity of it which is found when an animal ſub- 

Wh © ſtance - 
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wh, in dephlogifticated- air, compared 
' ſmall quantity that is e, by its 
N | 


After the preceding experiments on the conſe 


quence of having one kind of air in the bladder, 
and the other in the jar in which it was - confined, 


I filled the bladder with the ſame air that was in | 


the jar, and let them remain till they became 


putrid and burſt, The jar and the bladder of de- 
phlogiſticated air contained together one hundred 
ounce meaſures of the ſtandard of . 95, but after 


| the proceſs and waſhing the air in water there 


were only 37.5 -ounce meaſures, which was phlo- 
giſticated. 

At another time ninety ounce meaſures of de- 
phlogiſticated air of the ſtandard of 0. 16, were 
reduced to forty ſeven ounce meaſures of the ſtan- 
dard of 0.6; whereas a jar of inflammable air of 
the ſame. ſize, and treated in- the ſame manner, 
contained, after the proceſs, not more than one 
thirtieth of its bulk of fixed air. In this it was 
obſervable, that the bladder and the air were moſt 
abominably offenſive, whereas the bladder which 
r i- 
ſenſiwe at all. 

It will appear by computation, that in both 
" theſe caſes of the formation of fixed air, by the 


nnn air, phlo- 
| "OW 


giſtidated air was produced, ir ounce meaſures 
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generated in the former caſe, and ve in the 
ron, | and though -all fixed air contains a part 


not abſorbed by water, and this is always more or 
leſs phlogiſticated, this was much more than in 
that proportion, the phlogiſticated air being in 
the former eaſe one fixth of the whole, and in 
the latter nearly one half, For in the former caſe 
the phlogiſticated air before the proceſs was 31.7 
ounce meaſures, and aſter it 37, and in the latter 
it was 4.86 ounce meaſures before, and 9.4 after, = 
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EXPERIMENTS AND OBSERVATIONS RELATING- TO 
THE PRODUCTION OF INFLAMMABLE AIR, 


SECTION I. 


Of inflammable Air from Metals, 5 Meant of 


Acids, Ec. 


HE metals from which this. ſpecies of air 
has been procured are iron, zinc, and tin. I 
found it in copper, and lead by ſpirit of falt, as may 


be ſeen in the account of the diſcovery of marine 
and air, I have alſo procured it in various other 
Ways; and have lately found that regulus of an- 


timony diſſolved in marine acid, with the appli- 
1 | cation 
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cation of heat, yielded a ſmall. quantity. of air, 
which was weakly, inflammable. Biſmuth and nickel. 
were diſſolved in marine acid with the help of a 
conſiderable. degree of heat, but little or no air 
was got from either of them. If chere was any 
more than the common air which had lodged. 
within the phial containing the mixture, I could 
not perceive that it was inflammable: but theſe 
metals treated in this manner Na a ſtrong ſmell 
of liver f ſulphur. | 
It is ſomething remarkable, that. al the ache, 
that produce any air by the ſolution of metals give 
inflammable air, except ſpirit of nitre only, which 
| forms a different kind of union with the inflam- 
mable principle; making nitrous air, more or leſs 
modified. Beſides oil of vitriol and ſpirit of ſalt, 
I have obſerved that the vegetable acid alſo pro- 
duces inflammable air, by the ſolution of metals, 
though in a much leſs quantity. Perhaps the 
proportion of the ſtrength of the acids may be aſ- 
certained by this means. The concentrated vinegar 
which 1 made uſe of in my experiments on the 
vegetable acid air, diſſolved zinc almoſt as rapidly 
as ſpirit of falt, and produced inflammable air; and 
radical vinegar, which is unqueſtionably a pure 
vegetable acid, had the ene. e hen alen 
pot to zinc and iron, 7 n 
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In order to meaſure the ſtrength of this acid, I 
put as much radical vinegar as octupicd the ſpace 
of fifty two grains of water upon a quaitity of filings 
of zine dilated with water, and found that it yielded 
one fourth of an ounce meaſure of inflartithable | 
air, without heat; and two ounce meaſures more 
with heat; and a little more might have been 
procured, if care had been taken that no part of 
the liquor had boiled over. What proportion this 
produce of inflammable air bears to a ſimilar pro- 
duce from ſpirit of ſalt may be found by com- 
paring this obſervation with ſome that are din, 
tioned relating to marine acid air. 

In my firſt experiments on fixed air, I Sund 
that, when a mixture of iron. flings and brimſtone, 
moiſtened with water, was made to ferment in it, 
a part of it was made immiſcible with water, that 
is, that 'thete was in it a greater reſiduum of phlo- 
giſticated air than uſual, which I fuppoſed to come 
from the phlogiſton ſet looſe in this proceſs ; though + 
I could not find that phlogiſton in any other pro- 
ceſs produced that effect. At that time it could 
not but occur to me, that, poſſibly, this mixture 

itſelf might generate air, in which caſe the fact I 
have been reciting would not prove that there had 
been any, alteration in the conſtitution of the fixed 
air; ſince there would have been a real addition to 
it, of another kind of air from the mixture. To 


try 
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try this, I then made this mixture to ferment under 
water, eee eee 
Ie | , 
I have ſmce tried the ame Ab in the beſt 

— could make wich Mr. Smeaton's air 
pump; when, though the fermentation went on 1 
uſual, yet when water was admitted to it afterwards, 
no air was found in the receiver. I alſo made 
this fermentation when the maretials were buried 
in quickſilver, arid in theſe cirrumſtances alſo no 


air was produced in the temperature of the at- 155 


mofphere. 2 
1 mention theſe circumſtances, becauſe This 
found that when this fermentation is made in quick- 
filver, and in 4 warm plate, a true inflammable air 
is generated. The experiment was made in as 
accurate 4 thanher as I cbuld contrive, and in the 
courſe of it, it will be ſeen that probably a quantity 
- of vitriohic acid ait 'wis alſb generated, and ab- 
forbed again by the water that was mixed with 
the iron and brimſtone, and which is neceſſary to 
enable them to act upon each other, | 
Having flled a ſmall phial with a mixture of 
iron filings and brimſtone moiſtened with water, 
I plunged it in à veſſel filled with quickſilyer 
ſtanding inverted in a bafon of the ſame, and p had 
the whole apparatus near the fire. In abut hat 
an hour the fermentation began, and ſo much air 
iſſued 
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iſſued from the mixture, as occupied the ſpace 
of four times the, bulk of the materials, In a 
few minutes the quantity of air diminiſhed, being 
probably vitriolic acid air, and having been ab- 
ſorbed by the water; but there remained about 
one bun of the bulk of the mixture that was 
permanent air, not imbibed by water; and this 
was inflammable. "op 
Since zinc, as well as iron, yields When air 
with oil of vitriol, 1 ſuſpected that poſſibly it 
might be affected as, iron is by the oil of vitriol 
ſet looſe from the ſulphur in this proceſs, and I 
found that when I ſubſtituted filings of zinc for 
the filings of iron, in the circumſtances aboye- 
mentioned, they anſwered equally well. In this 
experiment a quantity of air was, produced equal 
to the bulk of che eee Al fronghy inflam- 
mable, 1 * : FY 1 
Having once : put ry Pot of ien filings and, 
brimſtone into a jar of nitrous, air (the firſt effect 
of which i is to reduce it to one fourth of its bulk, 
and leave it in the ſtate of Phlogiſticated air) and 
having ſome time after this found: the air much 
increaſed in quantity, and ſtrongly. inflammable, 
1 had ſome doubt whether the inflammable mat- 
ter came from ſome. farther change in the nitrous 
air, or from an exhalation of proper inflammable 
air from the 1 iron and brimſtone. My doubt aroſe 


from 


\ - 
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from my never having found that this paſte of iron 
filings. and brimſtone, whether kept in water, or 
in vacuo, had yielded air at any time, except in a 
conſiderable degree of heat. In conſequence, how- 
ever, of repeated experiments, am now ſatisfied, 
that the inflammable air came from this mixture. 
For though ſome pots of it have not yielded in- 
flammable. air, they have all, with long keeping, 
even in the temperature of the atmoſphere, yield- 
ed either phlogiſticated or inflammable air; the 
latter , generally when the compoſition was freſh 
made, and the former when it was old. Mit | 
., Theſe, experiments, have, alſo led me to che ob- 
sien that, in this and many other caſes of the 
diminution of common air by phlogiſtic proceſſes, 
a true inflammable air is firſt produced, and in its 
naſcent ftate, as it may be called, is immediately 
decompoſed, previous to the phlogiſtication of the 
common air. The very ſame ſubſtances which, 
in water or qu ickſilver, yield. inflammable air, only. 
phlogiſticate common air: ſo, that I am almoſt 
ready to conclude univerſally, that air is never phlo- 
giſticated, but by materials which, in certain cir= 
cumſtances, would yield 5 le air; though 
when .inflammable air is preyiouſly produced, -and 
then mixed with common air, it will not be de- 
compoſed. in, the re of the atmoſphere, 
eXCEps in a very wall degree. Theſe: Ba 
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of air will, therefore, continue mixed without tren 
affrcting each other, except in a red heat, by 
which the inflammable air is fired. It is then well 
known to ceaſe to be inflatnmable air, the pflo- 
 giſton being ſeparated from it, and uniting with 
the dephlogiſticated air in the comtrior air; when 
nothing is left but the pfilogiſticated part of the 
common air, which is about three fourths of the 
whole. I have fince obſerved ous: amd 
formed in theſe circumſtances. + | 

The experiments which led to | theſs Saſk, 
and which I ſhall now proceed to recite, may ſerve 
as 2 cattion to myſelf and others, not to be too 
haſty in drawing general concluſions ; ſince what 
may appear to be the ſame materials, and the ſame 
preparation of them, may have different refults, in 
conſequence of there having been ſome cirtum- 
ſtance, reſpecting either the materials or the pro- 


_ -cefs, that was unnoticed, but which was the fecret 


g eel „ 
That nitrous air miglit be changed into inlam- 
mable air, was not extremely improbable priori; 
fince 1 had found that it contained neatly as much 
phlogiſtori as inflammable air, bulk for bulk; and 
' finee it is, by ſeveral proceſſes, convertible into 
what has the appearance of a fpecies of inflamtna- 
ble air. Beſides, in this very caſe, the ſume com- 
| poſition of iron filings and brimitone, which I now 
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find generally yields inflammable air in the tempe- 
rature of the atmoſphere, does not do ſo at all times. 
had really yielded the inflammable r which 1 
found in the veſſel of nitrous. air, it would do the 
ſame in common air, I confined a large pot of this 
mixture in a. very {mall quantity of common air 
in the beginning of February, 177% But aue 
on the 19th of May following it was increaſed in 
bulk, it was all mere phlogiſticated air, - and had 
nothing inflammable in it. Even the air that was 
entangled within the cavities of this pot of iron 
filings and brimſtone, and which I catched by 
breaking it under water, was not inflammable. It 
is poſſible, however, as I obſerved before, that 
this phlogiſticated air might have been inflammable 
air'in ts origin, or #aſcent Aae, and have become 
phlogiſticated air afterwards. - At another time 1 
put a pot of this mixture under water, as I had 
done formerly, and now alſo obſerved, that though 
it fermented very well, and turned black, yet it 
did not yield a particle of air in about a fort- 
night: and in experiments of this kind ſew perſons, 
1 believe, would look for any farther change be- 
yond that time. 


Soon after, however, I found that a pot of this: | 
mixture, freſh made, and kept under water the 
works, had yielded about its bulk of air; and 

this 
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this was ftrongly inflammable. But at the ſame 
time another mixture of this kind, kept in the 


ſame circumſtances, yielded only phlogiſticated air; 
and yet I did not knowingly make any difference 
in the compoſition, always PR 6h bulks * 


the two ingredients. 
As the phlogiſton which conflituted the inflant- 


mable air in the experiments that occaſioned theſe 


muſt probably have come from the iron, and not 


from the ſulphur; eſpecially ſince iron alone is 


capable of making a very remarkable change 1 in 


| nitrous air, I confined a quantity of this-air, in a 


veſſel full of iron nails, from the beginning of 
February to the 18th of May ; but after this long 
interval it was only pllogiſtizated air, and not in 
the leaſt inflammable. 

Having found, however, that this mixture of iron 


filings and brimſtone was capable of producing in- 
flammable air in water, I made a trial of it in 


quickſilver, and found it to have the ſame effect. 
For confining a quantity of this mixture in quick- X 
ſilver from the 13th to the goth of June, in the 
temperature of the atmoſphere, it had yielded, in 


this time, its own bulk of air, ſtrongly inflam- 
mable. b 


I found 8 in a proper number of trials, 
that in a ſufficient ſpace of time, this mixture in- 
eraſed all the kinds of air into which I. intro- 

duced 
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duced it, by the addition of a quantity of inſſam- 
mable air, more or leſs, according to circumſtances, 
known or unknown. But when the experiment 
was made in common air, it firſt diminiſhed it 
about one fourth, as T have often noted; and ſome 


time after that I, perceived an addition made to 


the bulk of the air, and examining it, found it at 
firſt to be ſlightly inflammable, but afterwards more 
ſtrongly ſo. This experiment ſhews that, in the 
firſt ' inſtance, the inflammable air yielded by iron 
filings and brimſtone muſt have been decompoſed | 
by uniting with the” een air in the com- 
mon air. 

It appeared upon one ene N 1 
that one pot of this mixture, freſs mage, produced 
inflammable air, at the ſame time that a pot of an 
old mixture of this kind yielded only phlogiſticated 
air. But at what time theſe” mixtures will ceaſe 
to give inflammable air, and begin to yield phlo- 
giſticated air, I cannot determine. For I find that 
on the 23d of June a pot of iron filings and brim- 
ſtone, which muſt have been mixed about a year 
before, confined in a- ſmall quantity of common 
air, had made an addition to it of three ounce 
meaſures on the 26th of July; and this air was 
inflammable. At the ſame time I found that 
another quantity, which had; been mixed the iſt 
of July, had yielded inflammable air, in about the 

92 62 „ ame 
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fame proportion, according to the time. Alto 
ſome old iron filings and brimſtone, which had 
been taken out of the pot, and mixed with water 
the e eee about one tenth of its 
bulk of air on the 2d of Avgyft ſtrongly inflam- 
mable, 
5 eee ſome idea 
oſ the quantity of inflammable air that they may 
generally expect from ſuch mixtures as T have uſually 
made of iron filings and brimſtone, uſing equal 
bulks of each, and therefore be leſs apt to deceive 
themſelves in the reſults, I ſhall recite- the iſſue of 
ſome that I made with this and other mixtures, 


and which I was obliged to put an end to when 


I removed en an ne 21ſt of July, 

4790. 

A gallipor, containing an ounce meaſure and 
half of this mixture, haying been confined, in a 
mall quantity of common air in the beginning of 
July, 1779, had. at the time above-mentioned 
produced fourteen-ounce meaſures of air, ſtrongly 
inflaramable ; but the production was much more 
rapid at the firſt than afterwards, The mixture 
was yery hard. 

Another gallipot of the fame fie, put into a 
veſſel of water, without any air, on the 23d of 
June, 1779, had three ounce meaſures of inflam- 
mable air taken from it on the 26th of July fol- 
K lowing, 
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lowing, and at this time there were eleven ounce 
meaſures, . inflammable. The r mixture was 
very ſoft. 

Another equal. pore had Niekied ſtrong ins 
flammable air from the 24th of June to the 15th - 
of July, 1779, and had from that time yielded 
about three ounce meaſures of air, but fightly 
inflammable.. The mixture was very ſoft. 

There is the ſame uncertainty attending experi- 
ments made with Aver f ſulphur, which alſo ex- 
hales phlogiſton, and produces the fame effect both 
on common air and nitrous air, as iron filings and 
brimſtone. .On the 1gth of May, 1779, I found 
a quantity of nitrous air, in which ſome liver of 
ſulphur had been confined from the 12th of Decem- 
ber preceding, and which was conſiderably. increaſed 
in bulk, to be ſtrongly inflammable; and yet an- 
other quantity of this ſubſtance, and freſh made, was 
confined in quickſiver ſeveral months withour pro- 
ducing any air at all. 

frre to ana SS air, in "+ condi 
able quantity, by diſſolving iron filings in a ſolution 
of galls; and very probably the ſame woulck be 
produced by means of any other aſtringent ſub- 
ſtance. Indeed | moſt things that really qu | 
the metal, and do not unite with the whole maſs of 


it, will, I imagine, ſet looſe the phlogiſton it con- 1 


tains, in the form of inflammable air; though, in 
Vor. I. O ſeveral 
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ſeveral of the caſes, the phlogiſton might join 


| ſome of the principles in the menſtruum, and con- 


tribute to compoſe a different ſubſtance. | 
I was led to this obſervation of the production 
of inflammable air by the ſolution of galls, in con- 
ſequence of being informed by Mr. Delaval, that 
ink might be made by putting iron to the ſolu- 


tion of galls; for that the acid in the vitriol, which 


is commonly uſed for the purpoſe of making ink, 
is an unneceffary, and frequently an inconvenient 
ingredient. 

_ Having mixed a quantity of pounded calls, iron 
filings, and water, I firſt obſerved, that, after a day 
or two, the whole mafs was very much fwelled, 
and that it was full of bubbles of air, which at the 
ſurface were very large. Suſpecting, from the 
ſmell, and other circumſtances, that the air con- 
tained in them was inflammable, I burſt ſeveral of 
them near the flame of a candle, and found that 


they all made ſmall exploſions, fo that I could have 


no doubt concerning the quality of the air. 

I then mixed three ounces of pounded galls 
with water and iron filings, the quantity of which 
T did not note; and covering them with a large 
jar full of water, found that, in about a week, they 
had produced fix ounce meaſures of air, Which 
was ſtrongly inflammable, exactly like that which 
is produced from iron by the acids. In the fame 
| 3 5 manner 
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manner I procured a quantity of this inflammable 
air by putting the above-mentioned mixture into 

a 4 phial with 4 ground topper and tube. But this 
n 


f W bC TIN .. 


of infllmmable Air from Oi. 


HE electric ſpark taken in any kind of ai 
vbſerve in the following manner. Having found, 
as will be mentioned hereafter, that ether doubles 
the quantity of any kind of air to which it is ad- 
mitted; and being at that time engaged in a courſe 
vf experiments to aſcertain the effect of the electrit 
matter on all the different kinds of air, I had the 
Curiofity to try what it would do with common air, 
thus increaſed by means of ether. The very firſt 
ſpark, I obſerved, increaſed the quantity of this 
air very conſiderably, ſo that I had very ſoon fix 
vr eight times as much as I began wich; and 
whereas water imibibes all the ether that is put ta 
T | 

O2 cn 
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change, with reſpe& to quantity or quality, this 
air, on the contrary, was not imbibed by water. It 
was alſo very little diminiſhed by the mixture of 
nitrous air. From this it was evident, that it 
had received an addition of fome other kind of air, 
of which it now principally conſiſted. 

In order to determine whether this effect was 
produced by the wire, or the cement by which the 
air was confined (as I thought it poſſible that phlo- 
giſton might be diſcharged from them) I made 
the experiment in a glaſs ſyphon, and by that 
means I contrived to make the electric ſpark 
paſs from quickſilver through the air on which I 
made the experiment, and the effect was the ſame 
as before. At one time there happened to be a 
bubble of common air, without any ether, in one 
part of the ſyphon, and another bubble with ether 
in another part of it; and it was very amuſing to 
obſerve how the ſame electric ſparks diminiſhed 
the former of theſe bubbles, and increaſed the 
It being evident that the ether occaſioned the 
difference that was obſervable: in © theſe two caſes, 
I next proceeded to take the electric ſpark in a 
quantity of ether only, without any air whatever; 
and abſerved that every ſpark produced a ſmall 
bubble; and though, while the ſparks were taken 
in the ether itſelf, the generation of air was ſlow, 

: yet 
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yet when ſo much air was collected, that the ſparks 
were obliged to paſs through it, in order to come: 
to the ether and the quickſilver on which it reſted, 
the increaſe was exceedingly rapid; ſo that, making 
the experiment in ſmall tubes, as fig. 16, Pl. I. the 
quickſilver ſoon receded beyond the ſtriking diſ- 
tance. This air, by paſſing through water, was dimi- 
niſhed to about one third, and was inflammable. 
One quantity of air produced in this manner 
from ether I ſuffered to ſtand two days in water, 
and after that I transferred it ſeveral times through 
the water, from one veſſel to another, and till 
found that it was very ſtrongly inflammable ; ſo 
that 1 have no doubt of its being genuine inflam- ' 
mable air, like that which is produced from metals 
br or by any other chemical proceſs. - | 
Concluding that the inflammable matter in this 
air came from the ether, as being of the claſs of 
oils, 1 tried other kinds of oil, as oil of olives, oil 
of turpentine, and eſſential oil of mint, taking the 
electric ſpark in them, without any air to begin 
with, and found that inflammable air was 
in this manner from them all. The generation of 
air from oil. of turpentine was the quickeſt, ;and 
ae ent enen ene chars: — 
caſes. 1 20 4 
By the fame procefs'F'got inflanimable ait from 
ſpirit of wine, and about. as copiouſly as from the 
0 EC? LO eſſential 
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eſſential oil of mint. This air continued in water 
a whole night, and when it was transferred into 
another veſſel was ſtrongly inflammable, '_ 

Buy the fame proceſs I got nflammeble air from 
the volatile fpirit of ſal ammoniec; and as I have 
obſerved before, the alkaline air which is expelled 
from the ſpirit of fa] ammoniac is inflammable. 

Endeavouring to procure air from a cauſtic al- 
kaline liquor, accurately made for me by Mr. Lane, 
and alfo from ſpirit of falt, I found that the electric 
' ſpark could not be made viſible in either of them; 
ſo that they muſt be much more perfect conductors 
of electricity than water, or other fluid ſubſtances. 
In all theſe caſes-it is probable that the electrie 
ſpark only gave the ſubſtances the degree of heat 
that was neceſſary to give the phlogiſton, and the 
water they contained the form of permanent in- 
flammable air; for this was done much more effec- 
| tually by. a direct applcagan of heat in the eu 
ments recited in the next ſection. 

Inflammable air will ſometimes iſſue pontane: | 
ouſly ' from. oil of turpentine, I once opened a 
pint phial, half filled with this kind of oil, and the 
cork being very tight, there ruſhed out of it 2 
great quantity of air; when applying the flame of 
a candle to the mouth of the phial, I found the re- 
mainder to be ſtrongly inflanimable. The oil was 
. 
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boiling water I expelled from a quantity of it an 
equal bulk of air, all ſtrongly inflammable, like 
that which is obtained from metals. It was eight 
or ten hours in ons air. When I could 
perceive the colour of the flame, I found it to be 
: blue. 1 | 

| I than wok = quantity of the fame kind of off, 
which had been kept in another phial, but I found 
the air incumbent upon it, within the phial, to be 
only common air; but making it boil in a retort, 
I expelled from it twice its bulk of air, all 


ſtrongly 
inflammable. I could por diſtinguiſh the calour of 


its flame. 

When I had thys expelled all the air which 2 
quantity of this oil of turpentine ſeemed to contain, 
I agitated it very ſtrongly, and frequently, in the 
courſe of two days, in order to make it imbibe 
more air, that I might expel it again; but I did 
not find that it had imbibed more than a very 
ſmall quantity, and this, when it came out again, 


was only common air lightly phlogiſticated. The 
firſt boiling had made it brown, and very viſcid. 


04 _ 
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SECTION II. 


Of the Production of inflammable Air from different 
Subſtances, by means of Heat and Water. 3 


1 is probable, that every ſubſtance which con- 
tains pblogifton may be made to yield inflam- 
mable air. But for this purpoſe they require dif- 
ferent modes of treatment, according to their reſpec- 
tive natures. If the ſubſtances be uid, heat ap- 
plied to them directly makes no change in their 
conſtitution ; but when they are made to paſs, in 
the form of vapour, through tubes previouſly made 
red hot, in which they are neceſſarily expoſed to 
a a red heat themſelves, they are readily decompoſed ; 
and the quantity of inflammable air that was yield- 
ed by ſome of them, in this mode of treatment, 
appeared to me rather extraordinary. 
began theſe experiments with fpirit of wine, 
having an apparatus proper to receive any water, 
or other fluid, that might be formed, or condenſed, 
in the 2 Pl. VII. fig. 2. From two ounce 
meaſures of ſpirit of wine, which was made to paſs in 
vapour, through a red hot earthen tube, I got about 
A9 once meaſures of a ar, which was allinflammable, 
without 
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without any mixture of fixed air in it, and which 
burned with a lambent blue flame. Thirty ounce 
meaſures of this air weighed eight grains leſs than 
an equal quantity of common air. In this proceſs 

I collected 0.35 of an ounce meaſure of water. © 
Ii" this N the air would have Foe | 


ed - 633 grains 
* wary reſiduum ME: 
801 


and che ſpirit FE would have weighed 821; 
ſo that the produce was pretty nearly what might 
have been expected from the materials, the nature 
of the proceſs conſidered. 
I then proceeded. to ſubje& to the ſame proceſs 
a quantity of vitriolic ether; and making an ounce 
meaſure of it paſs through the hot earthen tube, 
almoſt filled with pieces of broken retorts, or cru- 
cibles (in order to make a greater quantity of red 
hot ſurface) I collected one tenth of an ounce mea- 
ſure of water, and 740 ounce meaſures of air, all 
inflammable, without any mixture of fixed air. It 
burned with a large lambent white flame, like that 
of wood in a common fire, and would not explode 
with any mixture of dephlogiſticated air. Twenty- 
nine ounce meaſures of this air weighed five grains 
leſs than an equal bulk of common air. 
In the next place, I made ſome vapour of ſpirit 
Fun. 0 the hot earthen tube, and 
procured 
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proeured from it a quantity. of inflammable air, 
that was very turbid, like black ſmoke. - But the 

black matter contained in it was ſoon depoſited 
on the ſurface of the water in which it was received. 
This alſo contained no fixed air, and burned with 
a lambent flame, but much lefs luminous than that 
in the preceding experiment. The ſmell. of this 
air was fo exceedingly offenſive, that, the appara- 
tus being a little deranged, I diſcontinued the pro- 
ceſs before I had aſcertained the quantity of air, 
and without collecting any water, which I ſuppoſe 
would have been given. Thirty ounce meaſures 
of this air weighed eight grains leſs than an equal 
quantity of common air. 

1 did not repeat this experiment with olive oil, 
being apprehenſive that the proceſs would be even 
more offenſive than that with the fpirit of turpen- 
tine, and nothing material depending upon it. But, 
upon another occaſion, I mixed an ounce of olive 
oil with 874 grains of calcined whiting; and ſub- 
jecting it to a red heat in an earthen retort, I got 
from it near 300 ounce meaſures of air, and ſhould 

probably have got much more, if there had been 

more whiting in proportion to the oil. The firſt 
portion of this air burned with a large white flame, 
and the laſt with a flight lambent blue one, ex- 
actly reſembling the varieties in the proceſs for 
aan, ſo that there can be no 
doubt, 
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doubt, but that it is the ail in the wood that gives 
the air. That excellent philoſopher, Mr. Volta, 
was the firſt who hit upon this method, or a ſimilar 
one, of getting inflammable air from ci; and he 
has given a large account of its peculiar properties. 

From other experiments that I made, it appears, 
that water js eſſential to the formation of inflam- 
mable air. In all the liquid ſubſtances mentioned 
above, the water that enters into their compoſition 
is ſufficient ſor the purpoſe; and ſpirit of wine, 
and ether, appear to contain more water than is 
neceſſary. But when the ſubſtances are diy, and 
water does not enter as a neceſſary ingredient into 
their compoſition, water muſt be introduced into 
the proceſs. This is the caſe with all the metals, 
and it is no leſs ſo with ſulpbur, arſenic, and pro- 
bably other ſubſtances of a ſimilar nature, which 
mere heat only fublimes. . 

T ranſmitting ſteam over a quantity. of ſulphur, 
which was melting in a hot earthen tube, I pro- 
cured from it a quantity of inflammable air, with- 
gut any fixed air; and by analyſis it appeared to 
de of the fame quality with that which is procured 
from iron by gil of vitriol. This proceſs is rather 
troubleſome, on account of the ſulphur ſubliming, 
A ITO 
conveyed, 


15 I then 
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I then repeated the ſame proceſs with ar/enic, 
and from this ſubſtance I procured air in great 
plenty. One ſeventh of it was fixed air, but the 
reſt ſtrongly inflammable, and the ſmell of it could 
not be diſtinguiſhed from that of phoſphorus. 
Twenty ounce meaſures of this air weighed four 
grains and a half leſs than an equal quantity of 
common air. This experiment was no leſs trou- 
bleſome than the preceding, on account of the 
3 fubliming, and choking up the tubes. 

Faving found a very heavy kind of inflamma- 
ble air by heating the ſcales of iron mixed with 
charcoal, I made the following experiment in or- 
der to aſcertain the quantity of air that might be 
| procured from a given quantity of theſe materials. 
Mixing two ounces of the ſcales, or finery cinder . 
(which I found to be-the ſame thing) with one 
ounce of perfect charcoal, I got from it, in an 
earthen retort, 580 ounce meaſures of air, one tenth 
ol the firſt part of which was fixed air; but after-. 
wards it was all inflammable. The 'fubſtances 
_ were pretty firmly concreted together, and weighed 
1044 grains; fo that the loſs of weight was 396 
grains, which muſt- have been very nearly the 
weight of the air procured. Forty ounce meaſures 
of this air, freed from all fixed air, weighed two 

grains more than an equal quantity of common air. 


Beſides 
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Beſides the water, which ſeems to be eſſential 
to the conſtitution of inflammable air, this ſpecies 
of air readily imbibes more water, which adds 
greatly to its ſpecific gravity. This ſeems at leaſt 
to be indicated by the following experiment. Fill- 
ing a dry bladder with inflammable air, received 
Immediately from the veſſel containing the iron 
and diluted oil of vitriot, from which it was gene- 
rated, I found that thirty ounce meafures of it 
weighed more than ſeventeen grains. leſs than an 
equal bulk of common air; but when I weighed 
that inflammable air of the ſame: kind which had 
been confined by water in the ſame bladder, it was 
only fourteen grains leſs than an equal quantity of 
common air. This I repeated ſeveral times with 
the ſame reſult. This air, therefore, could only 

be about three times lighter than common air; 
- whereas the other was more than ten times 
lighter. 175 
Having frequenty e the ſpecific gravity 

of inflammable air which has been long confined 

by water, by weighing it in a bladder, and then 
preſſing out the air, and weighing it when empty 
(Which has the ſame effect as weighing it full of 
common air) I have ſeldom found ſuch air more 
than five times lighter than an equal portion of 
common air; ſo that the ſpecific gravity of this air is 
ſaon doubled by _y kept in theſe circumſtances, 
 SEC-> 
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07 Air ue! by bee, parting; i uud. 


Tur, experiments recited in ' this A hes fot 
lowing ſection were entered upon chiefly to 
diſcover the principle of nutrition in vegetable and 
animal ſubſtances; and they feem to lead us to 
ſuppoſe, that this principle is phlogiſton, or the 
principle of inflammability, in fuch a ſtate as to be 
capable of becoming, by putrefadtion, a true in- 
flammable air, but not generally ſuch as to burn 

with exploſions, but rather with a blue and lam. 
bent flame, mixed with a certain nn, of 
Fixed air. 

In the putrefactive W the pülogie " 
merely evolved, and not again combined with any 
thing, except what may be neceſſary to its af. 
ſuming the form of inflammable air; but in 
nutrition it is ee held in ſolution by the 
Saſtric juice, and in the chyle formed by it. But 
che firſt inteſtines, without having all its phlogiſton 
incorporated with the chyle, that principle re- 
mains in the excrement, where jr is ten ſet looſe 

in 
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in the form of inflammable air, the ſame form that 
it would have taken if it had. gone through the 
fimple putrefactive proceſs. The phlogiſton of the 
aliment, thus entering into the circulation with the 
chyle, after anſwering purpoſes in the animal ceco- 
nomy which are yet very imperfectly known to us, 
is thrown out again by means of the blood in the 
lungs, and communicated to the + air which is phlo- 
giſticated by it. 
All alimentary fubſtances not „ iy unnd 
giftoh, but I believe are capable of yielding a 
proper inflammable air by putrefaction. But in 
the following experiments on ſuch vegetables as 
are generally uſed for food, roots ſeem to yield it 
in a greater abundance than other parts of plants; 
dut there are ſome remarkable differences among 
them in this reſpect. For though potatoes are 
exceedingly favourable to the growth of that 
green vegetable ſubſtance, which yields pure air 
10 copiouſly, owing probably to the phlogiſton 
they contain, onions, perhaps equally nutritive with 
potatoes, are exceedingly unfriendly to that plant; 
dut then they yield inflammable air in an aſtoniſh- 
ing quantity, when they are leſt to putrefy in water. 
This I rather ſuſpect is a proof, that onions con- 


ain more phlogiſton, and are the mere nude 
— of tke two. 


On 
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On the 28th of June I expoſed to the ſun 
eighteen penny- weights of onions, in a jar of an 
hundred ounces of river water, inverted in a baſon of 
the ſame. They preſently began to yield air, but 
without ever becoming green; and on the 15th 
of July the quantity was fifteen ounce meaſures, 
a ſmall part of which was fixed air, and the reſt 
ſtrongly inflammable. The water was white and 
turbid, and the air had a ſtrong ſmell of onions. 
About the ſame time I obſerved that it ww” 
no difference, with reſpect to the quality of this 
air, whether the onions were placed in the light or 
in the dark, the principle of vegetation not being 
concerned in this caſe. And though I obſerved 
the following differences in the quantities of air 
produced in the ſun and in the ſhade, they were 
not uniform, and therefore muſt have depended 

upon ſome unknown accidental circumſtances. 
On the 17th of July I put two onions, each 
weighing an ounce and a quarter, in the fun, and 
two others of the ſame ſize, in a ſimilar jar in 
the dark. On the 23d I examined them, and 
had twenty four ounce meaſures of air in the ſhade, 
and only twelve from thoſe in the ſun; but the 
latter was more ſtrongly inflammable than the 
former, which burned with more of. a lambent 
flame, though both exploded in ſome meaſure, ſo 
«i | as 
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as to be ſomething more ONE from 
marſnes. 

Having kept a e 0 this. air, from the 
time above-mentioned to the 20th of July, 1780, 
I found. it then ſtrongly inflammable, little inferior 
to the inflammable air from metals. Perhaps the 
fixed air, which had been mixed with it before, 
was now completely expelled from it. It appears, 
however, that this kind of inflammable air has an 
inflammability of as permanent a nature as any 
whatever. The air from marſhes alſo, which, with 
Sig. Volta, I doubt not comes from 
vegetable ſubſtances, I have alſo found to be equaly c 
permanent. 

On the iſt of Auguſt I took two halves of the 
ſame onion (which was an old one, and begi * 
to ſprout) each half weighing ſeventeen penny⸗ 
weights twelve grains, and I placed one of them 
in the ſun, and the other in the ſhade, both in 
ſimilar receivers. On the 24th of the ſame month, 
that in the ſun had given an ounce meaſure and 
three. quarters of air, of which one fifth was fixed 
air, and the reſt inflammable. From that in the 
dark I took two ounce meaſures and a quarter of air, 
one third of which was fixed, and the reſt inflam- 
mable. From theſe experiments I was ready. to 
conclude, that onions (and therefore, probably, 
other vegetable ſubſtances) * always give more 
| K | air 
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air in the dark than in the light; but the follow- 
ing experiments ſhewed that this is by no means 
the caſe always. f 

| The.yoth of July U pte in de fon, l ven 


| ſe] containing fifty ounces of water, a part-of a freſh 
gathered onion, weighing nine penny-weights, and 


alſo another part of the ſame onion, and of the 
_ fame weight, in a veſſel of the ſame ſize in the 

dark. On the 24th of Auguſt that in the fun had 
yielded three ounce meaſures of air, all inflam- 
mable, and that in the dark had produced as nearly 
as poſſible the ſame quantity, and as inflammable, 


when the fed air that was mixed with it was 


waſhed out of it. The fixed air which had been 


extricated in the ſun had prongs hp ere 


of the free acceſs of freſh air. 

Upon a. former occaſion 1 got only fixed air 
from onions confined. by quickfiver; but then they 
wanted moiſture, or were not kept till they were 


properly putrid. For I have fince got inflamma- 
ble air, as well as fixed air, from onions kept in 


quickſilver, from the ad of September, 1779, to 

the 31ſt of March, 1780. The onions weighed 
twelve penny-weights twenty grains, and the air 
was half an ounce meaſure, threr fourths of which 
was fixed air, and the reſt inflammable. It appears 


from this, as well as from many other obſervations | 


_—_ 1 ſhalt ape Kaas og to mention hereafter, that 


neither 
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neither fixed air, inflammable air, or nitrous air, 
can be produced without a conſiderable quantity of 
water, part of which we may therefore, withgreatpro- 
bability, inferenters intothe compoſition of theſe kinds 
of air; though when they are formed, we may not 
know any method of diſcovering, and re-producing 
that water. 
Roth carrots and parſnips yield great quantities 
of inflammable air, and equally in the ſun or in 
the ſhade. I was at one time much amuſed with 
obſerving the inflammable air iſſuing from one of 
the carrots in the ſun. It came ſometimes in a 
conſtant ſtream, or in large ſucceſſive bubbles, 
from one particular place, neither at the centre, 
nor near the outfide of the carrot, but in the place 
where the air holes are the largeſt. 2 : 
To aſcertain the quantity of air produced from 
a given weight of theſe two roots, I placed as much 
of a parſnip as, by expelling water from a cylindri- 
cal veſſel, I found to occupy the ſpace of two * 
ounce meaſures and a quarter of water, in the fun; 
and the next day I took from it four ounce mea- 
ſures of air, all fixed air, the reſiduum extinguiſh- 
ing a candle. This was on the 29th of July, and 
on the 31ſt of the fame month I took from it four 
ounce meaſures more, of which two thirds of an 
ounce meaſure was inflammable. On the ad of 
Auguſt I again took from it four ounce meaſures, 
FS; one 
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one fourth of which was inflammable, exploding 
with a blue flame. Laſtly, on the 24th of Auguſt, 
perceiving that no more air would be produced, 
I took from it one third of an ounce meaſure; 
one third of which was fixed air, and the reſt not 
inflammable, but phlogiſticated. 

From carrots occupying the ſpace of an ounce 

meaſure and a half of water, expoſed to the ſun in 
rain water, from the 26th to the 31ſt of July, I 
took ten ounce meaſures of air, of which an ounce 
meaſure and half was ſtrongly inflammable, ex- 
ploding with a red flame; and on the 4th of 
Auguſt I took from them near four ounce meaſures | 
of air, of which more than one half was inflam- 
mable. The water, which had. a large ſurface, 
had probably abſorbed much of the fixed air. 
This, however, was all the air that theſe carrots 
would yield. 
An equal weight of carrots, expoſed the ſame 
time in the dark, yielded nearly the ſame quantity 
of air, but only a ſmall proportion of it was jn- 
flammable. This, however, I do not attribute to the 
darkneſs, but to ſome other unknown circumſtance. 

A ſliced turnip freſh gathered, weighing near 
three ounces, expoſed in the ſun in rain water, 
yielded twelve ounce meaſures of air, one third 
of which was fixed air, and the reſt ſtrongly in- 
 Bammable, 
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On the Zoth of July two ounces of turnip, ? 
freſh gathered, were placed in the dark, in a veſ- 
ſel containing ſeventy ounce meaſures of water ; 
and on the 24th of Auguſt I took from it an 
ounce meaſure and a-quarter of air, of which one 
ounce meafure was phlogiſticated, not inflamma- 
ble. The water was exceedingly offenſive. This 
phlogiſticated air had been, I doubt not, inflam- 
mable in its ongin, and in much greater quantity. 
When a turnip was ſliced very thin, and the quan- 
tity of water large, I ſhall obſerve, that dephlogiſti- 
cated air 1s produced, 
Fruits, I found by no means favourable to the 
production of pure air. Like the preceding roots, 
they putrefied, and yielded inflammable air, mixed 
with fixed air. From peaches, both in the fun and 
in the ſhade, I got air, three fourths of which was 
fixed air, and the reſt inflammable; but on this 
occaſion the quantity of air produced in the fun 
was twice as much as that produced in the ſhade; 
though the quantity of water in which they were 
expoſed was the ſame, and the peaches themſelves 
were, as far as I could perceive, of the . fine; 
and in the ſame ſtate. 

I placed two Morella cherries, one in 1 ſun, | 
and the other in the / ſhade, in equal veſſels of 
water, From that in the ſun I got one third of 

F734: an 
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an ounce meaſure of air, and from that in the 
ſhade one fifth of an ounce meaſure, both inflam< 
mable. I had the ſame reſult with apricots. - 

_ Having found the capacity of theſe nutritive 
ſubſtances to yield inflammable air, I next tried 
whether they would part with any of tt in boiling. 
But I found that none of them did, but only in 
Putrefying afterwards ; ſo that this mode of prepara- 
tion (and the ſame I doubt not would be found 
to be the caſe with roaſting, &c.) does not deprive 
any of theſe almegts of any part of their nutritive 
power. 

From nineteen penny-weights eighteen grains of 
onions I expelled, by boiling in river water, half 
an ounce meaſure of air, of which one third 
was not abſorbed 225 water, and „ A 

candle. 
From one ounce fifteen penny-weights of 1 
zuce J got three quarters of an ounce meaſure of 
air, of which half an ounce en was Phlo- 
giſticated air. 

From one ounce ſixteen 1 2 | 
grains of carrots J got three quarters of an ounce 
meaſure of air, of which about one ounce meaſure 
was phlogiſticated air. 

Theſe. differences are Waben and bine 
e 0A came from the water in 

which 


$28, IV. IN FLAMMABLE* "ATR, 115 


which theſe ſubſtances were boiled. Afterwards 
the potatoes and carrots, putrefying in water, 
yielded each "more than two ounce., meaſures of 
air, one half of which was fixed air, and the 
reſt inflammable.. The onions yielded only about 
half an ounce meaſure of air, but it was of the 
ſame kind, and the lettuce gave only a tenth of 
of. an ounce meaſure, -in which nothing could he 
perceived to be inflammable. But I did not 
F 8: AOPn 
ter the proceſs of bailing, when I perceived 
„ nee 
ng air. : 
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SECTION V. 


Of Air produced by various Subſtances putrefying in 
 Drnickfibver. 


IN. ſome oy the firſt of my experiments I amuſed 

myſelf with putting different vegetable and ani- 
mal ſubſtances into tall glaſs veſſels, previouſly filled 
with mercury, and the following were among the 
reſults which I then noted. 

If beef or mutton, raw or boiled, be lated fo near 
to the fire, that the heat to which it is expoſed ſhall 
equal, or rather exceed, that of the blood, a conſider- 
able quantity of air will be generated in a day or 
two, about one ſeventh of which I have generally 
found to be abſorbed by water, while all the reſt was 
inflammable : but air generated from vegetables, in 
the ſame circumſtances, will be almoſt all fixed air, 
and no part of it inflammable. This I have re- 
' peated again and again, the whole proceſs being in 
quickſilver; ſo that neither common air, nor water, 
had any acceſs to the ſubſtance on which the experi- 
ment was made; and the generation of air, or efflu- 
vium of any kind, except what might be abſorbed 
by quickſilver, or reſorbed by the ſubſtance itſelf, 
might be „ noted. 


A veget . 
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A vegetable ſubſtance, after ſtanding a day or two 
in theſe circumſtances, will yield nearly all the air 
that can be extracted from it, in that degree of heat 

whereas an animal ſubſtance will continue to give - 
more air or effluvium, of ſome kind or other, with 
very little alteration, for many weeks. It is re- 
markable, however, that though a piece of beef or 
mutton, plunged in quickſilver, and kept in this 
degree of heat, yield air, the bulk of which is in- 
flammable, and contracts no putrid ſmell (at leaſt, in 
aday or two) a mouſe treated in the ſame manner, 
yields the proper putrid effluvium, as indeed the 
ſmell ſufficiently indicates. 5 

By means of theſe experiments, and thoſe in the 
preceding ſection, it may be poſſible to determine 
the nutritive powers of different vegetable and ani- 
mal ſubſtances, and alſo other problems in philo- 
ſophy ; though too much mult not be 2 
from them. 

16 ininhb kart been imagined, that by this means 
we ſhould be able to aſcertain the quantity of air 
that any maſs of putreſcent matter would thoroughly 
phlogiſticate. For any given quantity of inflam- 
mable air will completely phlogiſticate twice its 
bulk of common air. But it will be found that a 
putrefying mouſe will phlogiſticate much more than 
that proportion of air. There muſt, therefore, 
be much more - phlogiſton in a mouſe than 
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forms the . air which comes from it. 
Perhaps, therefore, that phlogiſton which contributes 
to animal nutrition, may alſo be more than that 
which enters into the compoſition of the inflammable 
air that comes from the putrefying ſubſtance. This 
is a fubject that requires and deſerves much farther 
inveſtigation. I only recite the following as leading 
experiments, to the ſolution of greater problema. 
They are, indeed, upon too ſmall a ſcale to be of 
much uſe even for this purpoſe ; except to ſhew 
that the ſame kind of ſubſtance, which in a large 
quantity yields inflammable air, in a EY 
may yield phlogiſticated air. 

A ſmall , meiching. forts our grains, WR 
jk ry in quickfilver from the 24ſt of May to the 
24th of Auguſt, gave ſomething more than half an 
ounce meaſure of air, two thirds of which was fixed 
air, and ene 

was not ſenſibly inflammable. 

From two penny weights of well boiled, beef 7 got. 
a very ſmall quantity of air, the bulk of which was 
fixed air, and the reſt not inflammable. At another 
time, from one pennyweight and nineteen grains of 
raw beef, I got o. 22 of an ounce meaſure of air, nine 
tenths of which was fixed air, and the reſt extin- 
guiſhed a candle. 

D 1 ans qua 
of an ounce meaſure of air, the bulk of which was 

fixed 
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fixed air, and the reſt not ſenſibly inflammable: but 
from two pennyweights and two grains of well 
roafted lamb, 1 got three quarters of an ounce mea- 
ſure of air, half of which was fixed air, and the feſt 
highly inflammable ; and ſome time after I took 
from the fame ſubſtance half an ounce meaſure of air 
e re a Re 
reſt inflammable. 

From thirteen pennyweights and 4 grains of 
the tendon of a roaſted neck of veal, I got an ounce - 
meafure' and half of air, of which half was fixed air 
and the reſt phlogiſticated. Afterwards I took from 
it one ounce meaſure, and three quarters of pure 
fixed air, with the ſmalleſt reſiduum poſſible. In 
the former experiment alſo, as well as on a former 
occaſion, I found that the inflammable air was 
extricated firſt, and a long ahn, 
air was exhauſted. - 

Having had occaſion to kd 
with putrefying mice, and having more in proſpect, 
IJ was particularly deſirous to aſcertain the quantity 
and quality of the air produced by a mouſe of the 
middle ſize putrefying in quickſilver, and I found as 
follows. A mouſe weighing ſix pennyweights and 
three grains, confined: by quickſilver, which had pu- 
trefied from the 8th. of April, had yielded on the 
Sm J one ounce nn 
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of air, of which one fourth was weakly inflammable, 
and the reſt fixed air. This I found, by other expe- 
riments, was-nearly as much as a mouſe would yield 
in theſe circumſtances. 

Having left another mouſe to putrefy in quick- 
filver, I took the air produced from it at different 
times, in order to fatisfy myſelf more fully with 
reſpect to the proportion that the fixed and inflam- 
mable air bore to each other, from the beginning to 
the end of the proceſs. The mouſe weighed five 
pennyweights and ten grains, and it was put into an 
inverted veſſel of quickſilver on the 13th of June. 
On the 26th of that month, I took from it near an 

ounce meaſure of air, three fourths of which was 
fixed air, and the reſt inflammable, burning with a 
very blue flame. On the 16th of Auguſt I took 
from it an ounce meaſure and a quarter of air, of 
which four fifths was fixed air, and the reſt, if it was 
inflammable at all, was ſo in the ſlighteſt degree 
imaginable ; and laſtly, on the 3d of April follow- 
ing, I took from it a ſmall quantity of air, perhaps 
one. tenth of an ounce meaſure, the whole of which 
was, as far as I could judge, all fixed air. 

When a mouſe is left to putrefy in this manner, 
there comes from it a great quantity of diſſolved 
blood, or ſome other thin reddiſh liquor. This I 
carefully ſeparated from what was ſod in the mouſe, 

| 1 


221 
and found that this continued to give air, when the 
| liquor gave little or none; ſo that perhaps it may be 

ſomething ſalid in all bodies that contributes to the 
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formation of permanent air. By long ſtanding,” 


however, I did get a little air from this red liquor, 
and it was almoſt all fixed air. It was, perhaps, 


combined with it, at its ſeparation from the mouſe. . 


The experiments on ſome of the different parts 


and ſecretions of animal bodies were made on the 


ſame ſmall ſcale with moſt of the preceding, and 


therefore they can only have the ſame imperfect uſe. 


From ſeven pennyweights of the medullary part 
of a ſheep's brain raw, I got four and a half ounce 


meaſures of air, of which one fifth part of an ounce 
meaſure was inflammable, and the reſt fixed air. I 
alſo found by ſimilar experiments, that the cortical 
part of the ſame brain gave ſomewhat leſs air than 
the medullary part ; but the proportion of the in- 
flammable to the fixed air was the ſame. No. cer- 
rain inference, however, can be drawn from experi- 
ments on ſo ſmall a ſcale as theſe. . | 


Two pennyweights of mutton gravy yielded 0.02 
of an ounce meaſure of air, the greateſt part of 


which was fixed air, and the remainder ſeemingly 
inflammable. | 

Two pennyweights of the craſſamentum of ſheep's 
blood gave only a ſmall bubble of air, too ſmall to 
be examined, T he ſerum allo e ſome air, the 


bulk 
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bulk of which was fixed air, and the reſt phlogiſti- 

cated. . en 

An ounce meaſure of mil yielded near half an 
ounce meaſure of air, almoſt pure fixed air, a ſmall 
remainder being phlogiſticated. 
An ounce meaſure and an half of the B'ile of a 
ſheep yielded half an ounce meaſure of air, almoſt 
all fixed air, the ſmall reſiduum being phlogiſticated. 
I ſhould not have made theſe experiments on ſo 
very ſmall a ſcale, but that I expected a greater 
quantity of air from all the ſubſtances, and becauſe 
leſs quickſilver was wanted for the purpoſe ; ſo that 
J could have more proceſſes going on at the ſame 
time. Had the ſame ſubſtances putrefied in water, 
they would have yielded many times more air, 
water appearing to be an eſſential ingredient in the 
conſtitution of inflammable air. 


PART 
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or THE PROPERTIES OF INFLAMMABLE AR. 


SECTION 4 


Various Experiment to change he decompoſe inflam- 
| > "_  -- 


1. - Inflanmable Air diminiſhed by 8 


N purſuance of the Abbe Fontana's experi- 
ment on the abſorption of air by charcoal, 
- I dipped pieces of hot charcoal into a phial of in- 
flammable air, and immediately inverted it in quick= 
ſilver. When one third of the whole quantity was 
imbibed, I found that both the remainder, and 
that which was again expelled from the charcoal, 
by plunging it in water, was inflammable; the 
former not to be diſtinguiſhed from what it had, 
been, but the latter a little leſs inflammable, | 


Pf 
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2. Of Putrefattion in inflammable Air. 


Though air tainted with putrefaction extin- 

guiſhes flame, I have not found that animals or 
vegetables putrefying in inflammable air render it 
lefs inflammable. But one quantity of inflamma- 
ble air, which I had ſet by in May, 1771, along 
with the others above-mentioned, had had ſome 


putrid fleſh in it; and this air had loſt its inflamma- 


bility, when it was examined at the ſame time 
with the other in the December following. The 
bottle in which this air had been kept, ſmelled 
exactly like very ſtrong Harrogate water. I do 
not think that any perſon could have diſtinguiſhed 
them. 


8 Plants growing in inflammable Air. 


I have made plants grow for ſeveral months 
in inflammable air made from zinc, and alſo from 
oak; but, though they grew pretty well, the air 
ſtill continued inflammable. The former, indeed, 
was not ſo highly inflammable as when it was 
freſh made, but the latter was quite as much fo; 
and the diminution of inflammability in the former 
caſe, I attribute to ſome other cauſe than the growth 
of the plant. ns 


Water 
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NE does inflammable air undergo any 
change by impregnation with water, in which re- 
ſpect, it agrees with what I have obſerved of 
nitrous air. For having impregnated a quantity 
of rain water (out of which all its air had been 
carefully extracted by the air pump) with inflam- 
mable air, of which it imbibed about one thirteenth 
of its bulk; about a month afterwards, by making 
it. boil in a phial, I expelled from it about the 
ſame quantity of air, and found it to be as ſtrongly 
inflammable as it had ever been. After this pro- 
ceſs there was a depoſit from the water of a filmy 
kind of matter, probably the earth of the metal 
that had been employed in producing the inflam- 
mable air. In both theſe reſpects inflammable 
air reſembles nitrous air. 


Having had the curioſity, on the 2 5th of July, 


# 


1772, to expoſe a great variety of different kinds 


of air to water out of which the air it contained 
had, been boiled, without any particular view ; the 
reſult was, in ſeyeral reſpects, altogether unexpect- 
ed, and led to à variety of new obſervations on 
the properties and affinities of ſeyeral kinds of air 
with reſpect to water. Among the reſt three 
fourths of that which was inflammable was ab- 
Vor. 3 Q_ ſeorbed y 
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ſorbed by the water in about two days, and the 
remainder was inflammable, but weakly fo. | 
Upon this, I began to agitate a quanther of 
ſtrong inflammable air in a glaſs jar, ſtanding in 
a pretty large trough of water, the ſurface of 
which was expofed to the common air, and 1 
found that when I had continued the operation 
about ten minutes, near one fourth of the quantity 
of air had difappeared ; and finding that the re- 
mainder made an efferveſcence with nitrous air, 
F concluded that ir muſt have become fit for re- 
ſpiration, whereas this kind of air is, at the firſt, 
as noxious as any other kind whatever, To aſcer- 
tain this, I put a mouſe into a veſſel containing 
two ounce meaſures and a half of it, and obferved 
that it lived in it twenty minutes, which is as long 
as a mouſe will generally live in the fame quantity 
of common air. This mouſe was even taken our 
alive, and recovered very well. Still alſo the air 
in which, it had breathed ſo long was inflammable, 
though very weakly fo. I have even found it to 
be ſo when a mouſe has actually died in it. In- 
flammable air thus diminiſhed by agitation in 
water, makes but one exploſion on the approach 
of a candle, exactly like a mixture of inflamma- 
ble air with common air. 
From this experiment I concluded that, by con- 
rinving the ſame Proceſs, I ſhould deprive inflam- 
mable 
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mable air of all its inflammability; and this 1 
found to be the caſe; for, after a longer agitation, 
it adtnitted a candle to burn in it; like common 
ir, only more faintly; and indeed by the teſt of 
nitrous air it did Hot appear to be near ſo good 
as common air. Continuing the ſame proceſs ſtill 
farther, the air which had been moſt ſtrongly in- 
flammable a little before, came to extihguiſh. a 
candle, exactly like air in which a candle had burn- 
ed out, nor could. they be diſtinguiſhed by the teſt 


of nitrous air. 

1 took fore peim to aſcertain the quitteity br 
diminution, in freſh made and yery highly inflamma- 
ble air from iron, at which it ceaſed to be inflamma- 
ble, and, upon the whole, I conchided that it was 
fo when it was diminiſhed a little more than one 
half: for a quantity which was diminiſhed exacti7 
one half had ſomerhing inflammable in it, but in 
the lighteſt degree imaginable. It is not impro- 
bable, however, but there may be great differences 
in the reſult of this experiment. | 

"This change in the inflammable air oroceetied, 
1 doubt not, from its communication with the 
external air through the water; ſo that I ſhould 
not expect the ſame change from the agitation 
of it in cloſe veſſels. Phlogiſticated air is mei- 
3 agitation in N 25 veſſels, bot not in 


cſe ones 
Qz | | Finding 


228 OBSERVATIONS: on 1 Port Ih, 


Finding that water would imbibe inflammable 
air, I endeavoured to impregnate water with it, 
by che ſame proceſs by which J had made water 
imbibe fixed air; but though I found that diſtilled, 
water would imbibe about one fourteenth of its 
bulk of inflammable air, I could not N 
_ the, 1 of it was hen re. 


83 


& Bani Air ie, in ot of: * inpenine. | 


'T he effect of agitating ins: air, in 
oil of turpentine, and alſo, in ſpirit of wine, is not 
a little remarkable. They ſeem to bring it at 
laſt to the ſame ſtate to, which it is brought by 
agitation in water, only that, whereas it is diminiſbed 
by the proceſß in water, it is incregſed in theſe 
proceſſes. Both theſe ſubſtances, . however, as well 
as water, ſeem, to deprive. this air of part of 1 its 
phlogiſton. The facts, as 1 obſerved them, were 
as follows. 
Having agitated : a quantiy 1 FI MAT air 
in oil of turpentine, I preſently - obſerved an in- 
[creaſe of its quantity, and 1 continued the proceſs 
till it had increaſed one half. Agitation in ſpirit | 
gal wine produced, the ſame effect, but more time 
| quiſite for it Allowing it to continue in 
theſe circumſtances at night, I found that -one half 
of the additional 3 of air had diſappeared : 

but 


4 > 
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but by repeating the agitation about a quarter of 
an hour, it was again increaſed as much as before. 
I chen examined it, and found that it was not in 
the leaſt abſorbed by water, did not affect lime 
water, was but very ſlightly inflammable, and was 
diminiſhed: by nitrous air almoſt as much as com- 
mon air; Wich is in all reſpects the very ſtate 
to which agitation in water would have brought 
it, except that in water it. would have been con- 
ſiderably diminiſhed, inſtead of being increaſed, 

F agitated another quantity of inflammable air 
in oil of turpentine made pretty warm, but the 
effect was the very ſame as when it was cold. In 
this "caſe, however, though I hardly ever diſcon- 
timed the agitation, after I had begun it, when it 
had gained an increaſe of about one fourth of its 
bulk, it loſt it again, and was reduced to its 
original dimenſions. I then examined it, and 
found it to burn with a lambent blue flame. I 
own myſelf to be intirely at a loſs to account for 
the increaſe and decreaſe of ee e 


ar 1 ann 
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-{nflamniable ait Mile e 
n and, as far as can be perceived, in 
the ſame manner, throwing them into conyullions, 
Np K and 
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and thereby occafioning preſent death. I had 
imagined that, by animals dying in a quantity of in- 
flammable air, it would in time become leſs noxious ; 
eee eren 

a great number of mice in a ſmall quantity of 
| chis air, which I kept ſeveral months for this pur- 
| poſe, without its being at all. ſenſibly mended; 
the laſt, as well as CT ON TOUR Ws 
n= 


P nee, fr changed by hegin in Water 


HInflamnighle air is 3 to. be wt 
cible with water, and when kept many months, 
ſrems, in general, to be as inflammable as ever, 
Indeed, when it is extracted from vegetable or 
animal ſubſtances, a part of it will be imbibed by 
the water in which it ſtands; hut it may be pre- 
ſumed, that in this caſe, there was a mixture of 
fixed air extracted from the ſubſtance along with 
it. I have indiſputable evidence, however, that 
inflammable air, ſtanding long in water, has actu : 
ally loſt all its inflammability, and even come to 

extinguiſh flame much more than that air in 
Which candles have burned out. After this change 
it appears to be greatly diminiſhed in quantity, 
and it ſtill continues to Kill animals wt nn / 


. 
7 4 
+ * * — 
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This very remarkable fact firſt occurred to my 
obſervation on the 25th of May, 1771, when I 
was \examining a quantity of inflammable air, 
- which had been made from zinc, near three years 
before. Upon this, I immediately fer by a com 
mon quart bottle filled with inflammable air from 
iron, and another equal quantity from zine; and 
examining them in the beginning of December 
following, that from the iron was reduced near ont 
half in quantity, if I be not greatly miſtaken ;' for 
I found the bottle half full of water, and I am 
pretty clear that it was full of air when it was 
ſet by. That which had been preduced from 
zinc was not ahered, and filed the nn as 
Bee Wh $5460) 

n that; h l 1 have iel ibs ihne 
of inflaramable air loſing its inflammability, while 
it ſtood in water. It is very poſſible, however, 
that there might be ſome impregnation in this 
water, of which I was not aware, ſince other perſons, 
J find,” have not found any change in inflammable 
ar'by keeping it in pure water, bad 

November 6, 1772, a quantity of emen 
air, which, by long keeping, had come to extin- 
guiſh flame, I obſeryed to ſmell yery much like 
common ar in which a mixture of iron filings and 
brimſtone had ſtood. It was not, however, quite 
ub, wi 4 2148 

Q 4. „ 
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8. The eleiric Spark | in infammable Ar. 


No kind of air, on which I have yet made 
| the experiment, will conduct electricity; but the 
colour of an electric ſpark is remarkably different 
in ſome kinds of air, which ſeems to ſhew 
that they are not equally good non- conductors. 
In fixed: air, the electric ſpark is exceedingly 
white; but in inflammable air it is of. a Purple, 

or red colour. Now, ſince the molt, vigorous 
ſparks are always the whiteſt, and, in other. caſes, 
when the ſpark. is red, there is reaſon to think that 
the electric matter paſſes with difficulty, and with 
leſs rapidity : it is poſſible that the inflammable. air 
may contain particles which conduct electricity, 
though very imperfectly; and that the whiteneſs 
of the ſpark. in the fixed air, may be owing to 
its meeting with no conducting particles at all. 
When an exploſion was made in a quantity of 
inflammable air, it was a little white in the center, 
but the edges of it were ſtill tinged with a beau- 
tiful purple. The degree of whiteneſs in this caſe 
was probably owing to the electric matter ruſhing 
with more violence in an Sxpighon than in a A 
mon n. 


4195! The Smell ef inflammatl Ar. 
| — when it is made by 5 
proceſs, has a very ſtrong and offenſive ſmell, 
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from whatever ſubſtance it be generated but this 
ſmell is of three different kinds, according as the 
air is extracted from mineral, vegetable, or animal 
ſubſtances. The laſt is exceedingly fetid; and it 
makes no difference,” whether it be extracted from 
a bone, or even - an old and dry tooth, from ſoſt 
muſcular fleſh, or any other part of che animal. 
The burning of any ſubſtance 'occaſiotis che game 
ſmell: for che groſs futne Which ariſes from them; 
before they flame, is the inflammable air they 
contain, which 1s expelled by heat, and then readily 
ignited, 'The-ſmelLof-aflamamable-air is the very 
ſame, as far as I am able to perceive, from what- 
ever ſubſtance of the ſame kingdom it be extract- 
ed. Thus it makes no difference whether it be 
got from iron, zinc, or tin, from any kind of wood, 
* eee * wg any part of an 
animal. | 
If a quantity, of inflammable air be contained in 


a glaſs. veſſel ſtanding in Water, and haue by 
generated very faſt, it will ſmell even through 

water, and this water will alſo ſoon become coxver- 
ed with a thin film, aſſuming all the different 
colours. If the inflammable air have been gene - 
rated from iron, this matter will appear to be a 
AS or the earth of iron, as have found by 


WE conſiderable. —— of — 
ve 
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| have been generated from zinc, it is a whitiſh 
ſubſtance, which I ſuppoſe to be the calx of the 
metal, It likewiſe ſettles to the bottom of the 
veſſel, and when the water is ſtirred, it has very 
much ' the appearance of wool, When water is 
once impregnated in this manner, it will continue 
to yield this ſcum for a conſiderable time after 
the air is removed from it. This 1 have ofien 
- ns Won. 


SECTION u. 


pm Air decompoſed by Haar, in Tube 7 
Fut Glaſs, 


His aal 6 Ur desbülde Anden ud 
| it is expoſed to heat in a tall jar of flint 
Pont. l refer the: hereof 
1 made this experiment at the ſame time with the 
ſimilar one that I ſhall have occaſion to mention on 
nitrous air. This air, as well as the nitrous, re- 
covered its former dimenſions when it was cold, 
and appeared to be unchanged in its quality.” 


Ay 
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4 very ſingular decompoſition of inflamma- 
ble air I obſerved in conſequence of expoſing a' 
great variety of ſubſtances to the influence of 2 
ſand heat, which I kept up for ſeveral monchs. 
Among other things, I buried in this hot ſand 
glaſs tubes hermetically ſealed, and previouſſy filled 
Wan 1 filled them 
in the following manner. 

Having provided ik ui gad wude above 
four feet long, and about one third or one half 
of an inch in diameter, and of ſuch à thickneſs 
as that I could eaſily melt them with the flame 
of a couple of candles and a common bio pipe, 
I firſt ſealed the tubes at one end, then filled them 
with quickſilver, and placed them inverted in a 
the air in a bladder, from the jars in which they 
had been ſtanding in water, or generating the air 
a-freth, if it was of a kind not to bear the con- 
tact of water, I filed the tubes oompleteiy with 
the kinds of air on which I wiſhed to make dhe 
flame of my candles with ſome care (holding the 
blow pipe in my mouth only, and keeping firm 
hold of the tube on each ſide of the place to 
which I was applying the heat) I melted the glaſs, 
and took off what lengths of it I pleaſed; and 
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every piece was, of courſe, hermetically ſealed, 
Theſe pieces I marked with a file, keeping an 
account of the meaning of the marks, that when 
I took them out of the ſand, I might preſently 
know with what kind of air they had been filled. 

| When I was performing this part of the pro- 
ceſs with/iinflanimable air in flint glaſs tubes, I 
obſerved that the places to which J applied the 
heat were generally tinged black; but: I gave lit- 

tle attention to this circumſtance, thinking it might 
be ſomething accidental; and without any parti- 
cular expectation, I buried theſe tubes in the ſand, 
together with the „gu Tis was on N Þ 2508 
of September, 1777. 
On the aoth of . following, 1 emis 
chal tales; together with every thing elle that had 
been expoſed to the ſame heat. The tube con- 
and by ſome: accident was broken; but it was jet 
black throughout. At this I was very much ſur- 
prized, but I did not then ſuſpect that it was at 
all owing to the inflammable air with which it had 
been filled; thinking it might have been.ogcaſion- 
ed by ſome phlogiſtic matter in the ſand, or in 
forne el de veſicls'that had burt in ene 
beben. 

"RefleRing, eee on iahis: odd e 


| |. and thinking, from de uniormiry of de tinge, 


that, 
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that, Poſſibly, it might have been occaſioned by the 
inflammable air; I filled another ſmall glaſs tube with 
the ſame air; and, ſealing it hermetically, buried it 


deep in ſand, contained in an iron pot, which I ſet on 
the fire, and made very hot, nearly red and taking 


it out the next day, I found the tube quite black, 
except a ſmall part on one ſide of that end which 


had been uppermoſt, about two inches higher than 


the other, and which, conſequently, _ not- been 
expoſed to ſo great a degree of heat. eur 

Being now fully ſatisfied that the blackneſs ef che 
tube was certainly occaſioned by heating thefinflam- 
mable air within it, in circumſtances in which it cuuld 


not expand, I proceeded to examine the ſtate of che 


air, and frequently found it to be infammable; but, 


in general, the quantity was too ſmall to make a fa- 


tisfactory experiment. 


. -olivute Gimel Iandabiah 


length, and a quarter of an inch in diameter, into a 
ſand furnace, I kept them in it two days; when 1 
took them out, and obſerved that the tube Which I 
had placed at the bottom of the ſand, in the greateſt 


degree of heat, was nearly melted, and perſectly blue, 


like indigo; while the other tube, which had not 


been expoſed r 


beautiful jet black throughout. 
At one time I had a ſuſpicion that this blackne6 


communicated to the glaſs was ſomething precipt- 
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tated from the iron, by the ſolution of which the 
mflammable air had been made; but I was ſoon 
convinced of the contrary, by finding that the effect 
c | 
W zinc. ; 

I ſoon found that there was no occafion for ſo long 
a proceſs to produce this effect, at leaſt upon the 
glaſs. For it begun to be diſcoloured the moment 
it was red hot, or rather when it became' ſoft ; as 
was evident by holding one of the tubes in an open 
fire, or in the flame of a candle. For wherever 

the heat was applied, the blackneſs immediately 
took place, without affecting any other part of the 
When I examined this black tinge narrowly, I 
found chat it did not penetrate the glaſs, but formed 
a delicate ſuperficial tinge, leaving the glaſs as per- 
fectly poliſhed as before the proceſs. But the black- 
neſs was indelible; at leaft, it could not be ſcraped 
off without tearing the ſurface of the glafs, and it 
made no change in it with reſpe& to electricity. 
For the tube thus blackened was as pn a non- 
mee rer. 

\Vlvobbor eolone of the glaſs dus wes ret fieavid, 
Mr. Delaval informed me, was owing to ſornething 
of iron in the compoſition of the glaſs. That it alſo 
| depended upon the degree of heat, ] aſcertained by 
Placing one of theſe tubes in a vertical poſition in the 
$45 I | land 
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ſind heat. For the lower end of the tube, whicli 
vas moſt heated, had acquired a deep blue colour, 
and it paſſed into the black at the upper end of the 
alſo no other colour higher than the black; fo that 
the firſt tinge that the glaſs receives is a perſect 
black, Yet viewing the firſt tinge that it receives 
by the yh ef ce beyond e i Keen 
to have à ſhade of red. 

As I was ſenſible that the blackneſs was owing to 
the precipitation of phlogiſton from the" inflammable 
air, I thought it poſſible that ſome ſubſtance which 
had a near affinity with phlogiſton might diſcharge 
it; and trying mininm, it ſucceeded immediately. 
Having filled one of theſe black tubes with this 
metallic calx, the moment I made it red hot, che 
blacknefs intirely diſappeared, and left the 0 oo 
tranſparent as ever it had been. | 

In te firſt experiment Fs hbid Thi wasn 
out of which all its air had been expelled by heat, 
and which is of a yellow colour. In this proceſs'it 
became whiter, and adhered a little to the glaſs, 
When I ſcraped it off, I could not be quite ſure that 
any part of it was become real lead; but it evidently 
approached towards a metallic ſtate, e 
nee eee en nee, | 
In this fate of the experintents 1'chmeituaichi 
the refult of my obſervations to my friend Mr. 
Bewly, who ſuggeſted to me, that, probably, it was 
. | n F 1 | the 
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ici deed in the glaſs tubes that had attracted the 
Phlogiſton; and I preſently found this to be the 
caſe. For when I had filled a green glas tube with 
the inflammable air, and ſealed it hermetically, as I 
had done the flint glaſs tubes, I expoſed it to a melt- 
ing heat, which is greater than that which flint glaſs 
will bear, without producing any change of colour 
in it. What remained of the air in the tube, that 
did not eſcape when part of it was penn was ſtill 
er inflammable. 

It appears, therefore, from chis Ss that 
Aae afiind, in the form of glaſs, has a ſtronger 
affinity with phlogiſton than any thing in the com- 
poſition of inflammable air, in a degree of heat cap- 
able of melting glaſs. Or, if there be no proper 
conſtituent part of inflammable air beſides phlogiſton, 
the attraction of che calx is ſo great, as to reduce the 
phlogiſton from an elaſtic and ee ſtate to 
a fixed and combined one. 

Having, by means of theſe glaſs tubes, effected a 
complete decompoſition of inflammable air, the 
phlogiſton in it having united with the glaſs of the 
lead; I thought that, if chere had been any acid in 
its compoſition, i it would then be diſengaged, and be 
found in the tube. In order to find whether there 
was any acid in it, or not, I poured i into one of theſe 
tubes a ſmall quantity of water made blue with the 
Juice of turnlole ; but it came out as blue as it went 
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SECTION tt. 
abet dme. a. 


"HERE is no kind of air Gch amin fact 
a variety of modifications as the inflammable; 
nor ſhall we think this extraordinary; when we con- 
ſider that phlogiſton, which is the diſtinguiſhing in- 
gredient in it; enters into a greater variety of combi- 
nations with -/olid ſubſtantes than perhaps any other 
principle in nature, and is the cauſe of a greater .ya- 
_ riety of properties in them: Spirit of witie; oil, ſul- 
phur; charcoal; and metals, are ſubſtances as different 
from each other;. both in their external appearance; 
their degrees of conſiſtence; and other chemical 
properties, as any things in nature, -and yet the 
principal ingredient in them all is the ſame phlo- 
giſton, as may be proved by the actual transferring 
of it from any one to any other of them. Inflam-: 
mable air likewiſe extracted from each of theſe ſub- 
ſtances, as alſo that from putrid vegetables, and by 
other proceſſes, of which an account has been given 
in the preeeding ſections, are all remarkably different, 
and appear to be ſo, as we ſhall preſently ſee, when. 
they are decompoſed, I ſhall now give an en 
E pb R 8 of 
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of another ſpecies of this kind of air, which 1 
term /ulphurated; from the ſtrong ſmell that it has 
of ſulphur, or rather liver of ſulphur, and its be- 
ing loaded with a greater quantity of matter; which, 
though at the firſt black, yet on expoſure to the 
air preſently. aſſumes a yellowiſh colour. I ſhall 
recite the experiments in which 1 obferved this 
peculiar ſpecies of air, in the order in which 1 
made them, noting the other appearances that ac- 
companied them, though they have not any im- 
mediate relation to the air of which I am 

When I was engaged in that ' courſe of experi- 
ments in which ſteam, and the vapour of various 
fluid ſubſtances, was brought into contact with 
ſolid ſubſtances red hot, I treated manganeſe in 
this manner, and eſpecially a quantity with which 
Mr. Woulfe had formerly furniſhed me, which 
was not in powder, but in a large maſs, juſt as 
it is dug out of the earth. A few ounces of this 
I put into an earthen tube,. open at. both ends. 
But cloſing one of them with a cork, while the 
middle . part of the tube was red hot, and the 
other orifice was furniſhed with an apparatus pro- 
per for collecting the air that might be expelled 
from it, I received forty ounce meaſures of air, 


of 'which one fixth-wis fined dir, al the: reſt of 


the ſtandard of 1.7, lambently infammable. No 
more air coming in TI apparatus, 
I opened 
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I opened the other end of the tube; and wich 4 
r ſent through, | 
| of ſteam; in which circumſtances 
ew wickiccd mas eegleaty — Of > 
this I received about fifty ounce "meaſures, ob- . = 
ſerving that one ſeventh of it was fixed air; and | 
the reſt of the ſtandard of 1.8; not lambently, but 
exploſively, inflammable. The laſt portions of 
/ this air were very turbid; and the ſmell of the 
' air, and eſpecially that of the laſt portion, was 
very ſulphureous, and, E obſerved, tinged the water 
of a very dark colour, by depoſiting in it a quan- 
tity of blackiſh matter. However, the air itſelf 
became preſently tranſparent, and had no other 
appearance than that of any other kind of air; 
when I left in my trough a jar filled with it. - 
Having been intent on ſome other experiments; 
J was ſurpriſed to find, on looking on the jar 
about ten minutes afterwards, that it was quite 
e 
In order to obſerve how it eame to be ſo, 1 
mene, Med Sat for wit Ui at of th 
and obſerved that when the water was well ſub- 
ſided, black ſpecks began to appear in different 
places, and, extending themſelves in all directions, 
at length joined each other, till the whole jar was 
perfectly black, and the glais quite opake. When 
this was done, I transferred the air to another | 
R 2 „ 
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clean jar, and it ſoon produced che ſame effect 
upon this, though it never became ſo black as 
the jar in which it had been firſt received. It 
of the jar would become black, as if this matter, 
with which it was loaded, had kept ſubſiding, 
though inviſibly, in the maſs of air, and occupied 
the lower regions of it only, leaving the upper 
part entirely free from it. When the veſſels thus 
tinged black were expoſed to the open air, that 
colour preſently diſappeared, and a yellow or brown 
incruſtation was left upon it. 
Thinking, from this circumſtance, that 155 black 
coating conſiſted of ſome volatile phlogiſtic matter, 
I placed the jars which had this black tinge with 
their mouths inverted in veſſels of water, in order 
to obſerve the effect which the change of colour 
might have on the common air contained in them. 
In theſe circumſtances the black tinge - preſently 
went off, and was ſucceeded by the yellow colour, 
but without producing any ſenſible change in the 
air. In ſome caſes, however, I thought that it 
was injured; but it was by no means ſo much ſo 
as I had expected. After depoſiting this black 


Dp matter, the air ſtill retained its ſulphureous ſmell, 


and as far as 1 F 
leave it. ; +. 
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. It is by no means the univerſal property of 
manganeſe to yield this ſulphurated inflammable 
air, but muſt have been owing to ſomething pecu- 
liar to this ſpecimen, and perhaps to ſomething 
accidentally mixed with it. For when I | 
the experiment with other manganeſe, which I 
had from a glaſs houſe, in which it is uſed, I had 

no fuch appearance. From four ounces of this 
manganeſe, treated as the preceding, I got without 
ſteam, 256 ounee meaſures of air, of which about 
one tenth was fixed air. Then ſending ſteam over 
it, I got more air, but in no great quantity, about 
ten ounce meaſures in an hour; though probably 
much more might 1 if the | 
giſticated ; for, mixed: with two equid merken 

of nitrous air, the ſtandard was O. 28, 'which ſhews 
that it was exceedingly pure. But one tent of 


this was fixed air, as in the former portion, which = 
agrees with the experiments I formerly made wur 


this fubſtance when I found that heat alone would | 
expel from it a quantity of very pure ar. ert y art! 

The next time that I got this ſulphurated in- 
————— 


me anj:chifight ing 46; nabiid uf N. Having , 


. 5 
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to take ſome, parts of which had” been heated by 


a burning lens in vitriolic acid air, in which, as I 
have obſerved, it melts with great readineſs, and 
gathers into balls. When this iron was diſſolved 
in diluted oil of vitriol, though there were only a 
ſew pieces in the quantity that I uſed which had 
been melted in this manner, the water in which 
| ny Woes and depoſited 
more ſediment than in the experiment with the 
manganeſe, The jars alſo which contained it 
were preſently as black as ink, but became yellow 
when expoſed to the open air. This inflammable 
air had alſo the ſame offenſive ſulphureous ſmell ; 
fo that there could be no doubt of its being the 
ſame kind of air which I had got from Mr. 
Woulfe's manganeſe. There was in it, however, 
2 mixture of vitriolic acid air, as I perceived 
when. I burned a large quantity of it in a glaſs 
balloon, in order to collect the water that might 


be produced in this proceſs. All the inſide of the 


balloon was filled with a denſe white cloud, all 
the time that the air was burning in it, and the 
water produced was very ſenſibly acid. In reality, 
the F 
„ eee 
be melted eee N 
een neee or ion een 
I fulphur 
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ſulphur is incorporated, I now completely aſcer- 
tained it by making a quantity of ſulphurated iron, 
dipping it when red hot into melted ſulphur. 
This iron, treated as the other had been, yielded 
exactly ſuch air as I have been deſcribing, ſo 
- that I could have no doubt with reſpect to the real 
origin of it. | 
When I decompoſed. this air, by firing it with 


an equal quantity of dephlogiſticated air, the dimi- 


nution of bulk was the ſame as when I uſed the 
common inflammable air, ſo that, ĩt did not appear 
to contain either more or leſs phlogiſton; but 
there was a ſmall quantity of fixed. air producedj 
which is never the caſe with inflammable air pro- 
cured with oil of vitriol, though it is ſometimes 
when it is procured from iron with ſpirit of ſale; 

When the fulphurated-znflammable air is received 
in veſſels. containing mercury, there is very little 
black matter depoſited from it; but it appeats - 
when it is transferred 11 e ee 
water. 


We jan obinly wont wichtthia-hi nigh 


ter become yellow when expoſed to the open ag 


this is not the caſe with that which is collected 
from the water in which the air has been cnhfinet 
For when the water is evaporated from it, it ad- 
heres to the evaporating veſſel in the form af a 
. Ra is 
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evident figns of containing ſulphur. For when 
the nitrous acid has taken from it its ſuperfluous. 
8 it has both the colour and the. ſmel 
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THERE e few igen, pepe none, tha 
have occaſioned more perplexity to chemiſts, | 
than that of phlogiſton, or, as it is ſometimes called, 
the principle of inflammability. It was the great 
diſcovery of Stahl, that this principle, whatever 
it be, is transferable from one ſubſtance to another, 
how different ſoever in their other properties, 
ſuch as ſulphur, wood, and all the metals, and 
therefore: is the ſame. thing in them all. But 
what has given an air of myſtery to this ſubject, 
has been that it was imagined, that this principle, 
or ſubſtance, could not be exhibited except in con- 
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made to aſſume ſeparately either a fluid or ſolid 
form. It was alſo aſſerted by ſome, that phlogiſton 


was ſo far from adding to the weight" of bodies, | 
that the addition of it made them really lighter 


| than they were before; on which account they 
choſe to call it the principle Fehn Tenn 
Of late * e dee f aß ch I 
brated chemiſts, Mr. Lavoiſier. among others, 
that the whole doctrine of phlogiſton is found- 
ed on miſtake, and that in all caſes in which 
it was thought that bodies parted with the prin- 
ciple of phlogiſton, they in fact loſt nothing, but 
on the contrary acquired ſomething; and in moſt - 
caſes an addition of ſome - kind of air; that a 
metal, for inſtance, was not a combination of two 
things, 'viz. an earth and phlogiſtor, but was pro- 
bably a a ſimple fubſtance in its metallic ſtare; and 
that the calx is produced not by the loſs of phlo- 
giſton, enen 
of ir. | 
— Gweur ofthe bill ule /- 
_ cially thoſe which are drawn from the experiments 


that Mr. Lavoifier made on mercury, ate ſo ſpe- 


cious, that 1 own I was myſelf much inclined 

to adopt it. My friend Mr. ,Kirwan, indeed, 
always held that phlogiſton was the fame thing 
wich inflammable air. I did not, however, accede 


10 p 
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to it till I thought I had diſcovered. it by direct 
experiments, made with general and indeterminate | 
views, in order to aſcertain ſomething concerning 
a ſubject which had given myſelf and others ſo 

much trouble. 

L began with repeating the experiments in which 
I had found that inflammable air, made red bot 
was in 2. great — abſorbed, n 
covered to be owing to the calx of lead in the 
2 attradting phlogiſton from the inflammable 


„ found, however, great difficulty in repeating 
theſe experiments; 3 and the quantity of inflamma- 


ble air operated upon in them, is neceſſarily ſo 
ſmall, that the reſult is always liable to much 
uncertainty. I thought, therefore, that throwing 
the focus of a burning lens upon a quantity of 
pounded flint glaſs, ſurrounded with inflammable 
air, or rather on the cabx of lead alone, in the 
ſame circumſtances, would be a much eaſier ex- 
periment, and might bring me nearer to my 
object; and on making the experiment it imme 
diately anſwered far beyond my expectations. 
For this purpoſe, 1 put upon a piece of a 
broken crucible (which could yield no air) a 
quantity of minium, out of which all air had been 
extracted; and placing it upon a convenient ſtand, 
intro- 
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ey 


introduced it into a large receiver, filled with in- 


flammable air, confined by water. As ſoon as 
the minium was dry, by means of the heat thrown 
upon it, I obſerved that it became black, and 
chen ran in the form of perſect lead, at the fame 
time that the air diminiſhed at a great rate, the 
water aſcending within the receiver. I viewed 
this proceſs with the moſt eager and pleaſing ex- 


pectation of the reſult, having at that time no 


fixed opinion on the ſubject; and therefore I could 
not tell, except by actual trial, whether the air 
was decompoſing in the proceſs, ſo that ſome 


the more probable, as, if there was any ſuch 
thing as phlogiſton, inflammable' air, 1 imagined, 
conſiſted of it, and ſomething elſe. However, 1 


was then ſatisfied that it would be in my power 


to determine, in a very ſatisfactory manner, whe- 
ther the phlogiſton in inflammable air had any 
baſe or not, and if it had, what that baſe was. 


For ſeeing the metal to be actually revived, and - 8 
chat in a conſiderable quantity, at the ſame time 
that the air was diminiſhed, I could not doubt, 


but that the calx was actually imbibing ſomething 
from the air; and from its effects in making the 


nnn ̃ 


, Which. 


other kind of air would be left, or whether it 
would be abſorbed in toto. The former I thought . 


\ 
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which chemiſts had Oy given he hame 
of phlogifton. 
Before this firſt experiment. was 5 1 
ewe. that if the phlogiſton in inflammable 
air had any baſe, it muſt be very inconſiderable: 
for the proceſs went on till there was no more 
room to operate without endangering the receiver; 
and examining, with much anxiety, the air that 
remained, I found that it could not be diſtinguiſh- 

ed from that in which I began the experiment, 
which was air extracted from iron by oil of vitriol, 
I was, therefore, pretty well ſatisfied that this in- 
flammable air could not contain any thing be- 
ſides phlogiſton ; for at that time I reduced about 
forty five ounce meaſures, of the air to five, ; 
In order to aſcertain a fact of ſuch importance 
with the greateſt care, I afterwards carefully expell- 
ed from a quantity of minium all the phlogiſton, and 
every thing elſe that could have aſſumed the form 
of air, by giving it a red heat when mixed with ſpirit 
of nitre; and immediately uſing it in the manner 
mentioned above, I reduced a hundred and one 
ounce meaſures of inflammable air to /wo. To judge 
of its degree of inflammability, I preſented the flame 
of a ſmall candle to the mouth of a phial filed with 
it, and obſerved, that it made; thirteen ſepatate ex- 
e 3; ab ones (topping the mouth of 
the 


55 che phial with my finger after each exploſign) when 
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| freſh made inflammable air, in the ſame circum- 
ſtances, made only fourteen ee nee 
, could aovhiafilitg-go:cins. 
clude®, that this inflammable air went totally, and 
without decompoſition, into the lead which I form- 
ed at that time; and if the neceſſary circuinſtatices 
of the experiment be conſidered, it will be thought 
extraordinary that, even admitting this, the reſult 
ſhould be ſo deciſively clear in favour of it: for, in 
the firſt place, the greateſt care muſt be uſed to er- 
pel all air from the minium, and it muſt be uſed - 
before it can have attracted any from the atmoſphere; 
and in the next place, the water alſo (a conſiderable 
quantity of which muſt be uſed, and which will alſo 
be heated in the proceſs) ſhould be made as free 
from air as poſſible. In theſe circumſtances, had-I 
found the ſmall reſiduum, of two ounce meaſures 
from a hundred and one, to have been phlogiſticat- 
ed or fixed air, I ſhould not have been diſappoint- 
ed; and it would not have prevented my conclud- 


ta thi conctalion; Hoge es ce vis. . 
that water, or any thing ſoluble in water, might be the baſis of 
inflammable air. All that could be abſolutely inferred from the 
experiment was, that this baſis could not be any thing that was 
capable of ſubſiſting in the form of air. It will be ſeen, that 1 
en made the qxperiment with de ar cal by, mare 
oy" : 


ing 


254 oBsERVaTIONS on Pr H. 


ing that phlogifon was the fame thing with inlam- 
mable air, contained in a combined ſtate in metals, 
juſt as fixed air is contained in chalk and other cal- 
careous ſubſtances ; both being equally capable of 
. 11% % 
Aſterwards, uſing a calx of lead, which had been 
prepared in the ſame manner with the former, but 
which had remained for ſome weeks expoſed to the 
air, I found, that when by uſing it I had reduced 
150 ounce meaſures of inflammable air to ten, this 
reſiduum was phlogiſticated air. But examining 
this calx ſeparately, I found that it gave, by heat in 
2 glaſs veſſel, a ee eee ee 
ed art. 

en che evjaintn ene be 
reduced to a perfectly compact glaſs of lead; for then 
it will be too refractory to be eaſily revived by 
this proceſs. Making uſe of ſome of it, I found 
that I could only melt it; but that a copious black 
fume came from it, and coated the inſide of the re- 
ceiver ; an experiment which I ſhall repeat and re- 
conſider. I muſt alſo obſerve, that the lead which 
I procured in the above mentioned proceſs was not 
to be diſtinguiſhed from any other lead, and that the 
| inflainundble air was all procured from iron by oil of 
vitriol. 
ü When I inade uf: of inflammable air om wood; 
1 found, that though I was able to reduce minium 


* 


Seh. IV.  INFLAMMABLE AI. 255 


wich it, it was effected with more time and difficuley. 
Forty ounce meafures of thus kind of inflammable 
air J reduced to twenty five; after which I found that 
the heat of the lens produced only glaſs of lead, and 
no metal; The air was ſtill, however,” inflammable; 
and there was a ſmall mixture of fixed air in it. This | 

| kind of inflammable air, which burns with a lam- 
bent flame, I have ſome reaſon to think, conſiſts 
of an intimate union of fixed air with that which is 
of the exploſive kind extracted from metals. The 
reſult of thoſe experiments which I made with that 
kind of inflammable air which is collected in the 
proceſs for making phoſphorus, and which burns - 

with a lambent yellow flame, was ſimilar to thoſe | 
which I made with inflammable air from wood, 
which burns with a lambent white flame. . 
flammable air, I immediately tried all the other 
kinds of air in the ſame manner; but in none of 
them did I. procure any thing from the minium 
vitriolic acid air. In fixed air, nitrous air, phlo- 
giſticated air, marine acid air, fluor acid air, as 
alſo in common and dephlogiſticated air, I. got 5 
no metal at all. In vitriolic acid air there was 
but a ſmall quantity of lead produced, and I haue 
_ obſerved that this kind of air imparts a certain 
portion of phlogiſton ta common air (or rather im- 
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bibes a part of the dephlogiſticated air from it) ren- 
' Uering: the remainder in ſome meaſure phlogiſti- 


+ "cited, though by ue means in ſo gfeat-« degree 


as nitrous air. 
Though nitrous ar and phlogiſticated air cer- 
"he: contain phlogiſton, they appear by 'theſe 
experiments to hold it too obſtinately to part with 
it to minium in this proceſs, notwithſtanding nitrous 
air quits it ſo readily: to reſpirable air. I would ob- 
ſerve, that there were ſome peculiar appearances in 
the experiments I made to revive the calx of lead 
in theſe kinds of air in which the attempt did not 
ſucceed; but I muſt repeat the experiments, and 
note the appearances more en before I re- 
port them. 
| latch ade: famed: 405 c 
minium as readily as in inflammable air, and indeed I 
thought rather more ſo; and this is a remarkable 
in which, by taking the electric ſpark in a quan- 
tity of alkaline air, I converted it into three times 
als much pure inflammable air; an experiment 
which, on account of the extraordinary nature of 
it, 1 have repeated many times ſince I firſt pub- 
| liſhed 3 1 ee. 
This experiment alſo- throws Gmc Ugh e 
thoſe e racer to hitrous air, 
175 * 
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I produced. a ſtrong, ſmell ; of volatile aka; 
an experiment whigh. Þ ; haye allo frequently; re. 
peated with the fame, ;refult. ;,.The,, reviving of.” 
lead in; alkaline. air may jallo.; help ys.to. conceive | 
how all acids ſhould, have; an, affinity Hort ip P- 
gilan and to alkalies, which. have hicherto-appeared) 
to. be. things ſo very different, from each ocher.s, 
ſince, from -theſe experiments, it is propable.chat. 
one of them is ſome modification of the other, or, 
a combination of ſomething elſe wich the other, 
To trace the connexion between the alkaline and. 
inflammable principles, is a curious ſuhject; and 
from theſe hints it may, perhaps, not n 
difficult to.proſecute.; it to advantage. It is evi 
however, from the following experiments, chat al- 
kaling air is the compound, and inflammahle air, 
or phlogiſton; the r ee ee 
ere FUSITIAG Aen. en gout's 83- 5115 Nigg 3% 
From five ounce ace and 3 half of alk 
line air I got, by means. of lidarge, ſeventern | 
grains of lead, beſides ſome that was diffolved in 
che mercury, by which the air was. confined, 
There remained two. gunce meaſures” and a; half, 
which, appeared to be phlogiſticated. r, and to / 
have no fired air in it. At another time, in eight 
ounce meaſures of alkaline air 1 got. fifteen grains 
of lead, beſides what was diſſolved in the mereury, 
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I proceeded in my attempts 


reguls of arſenic ane, or tho metal of mag. 
neſe. 
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1 There remained in this proces three” outice 


dale ande half of hligiſticated ai; würdet 
any mixture of fixed air in it en n 

Having thus produced Jad in inflammable air, 
5 if to revive other metals 


from their calces by the ſame means; and I ſue- 


ceeded very well With dnl biſmuth, "and: ſilver; 


I was deſirous alſo of aſcertaining by tis" means 
the quantity of phlogiſton that enters into the com- 
poſition of the ſeveral metals; but in this I found 
more difficulty than I had expected; and this 
aroſe chiefly from the allowance that was to be 


made for the inflammable air which entered into 


that part of the cabs which was only partially re- 


Byte manor cogent Gr ere negro] 


ary quantity of.cals completely. 285 
After many trials, a 


ſay, that an Gunce' of lead abſorbs a hundred ounce 
meaſures of inſlammable air; or perhaps 
thing more: for in one Tebäle ir Eee te bars 
ee dae of 160" "ounce" mea- 


_ Tres. | t 
ASE tis abſorbs inflammable' air in the 
pepe of 377 ounce meaſures to the ounce, 
2 ; | F An 
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An ounce of copper from verditer abſorbed 403 
ounce meaſures; from a ſolution of blue vitriol, 
precipitated by ſalt of tartar, and afterwards made 
red hot with ſpitit of nitre, 640; but from blue 
vitriol itſelf 909 ounce meaſures. In this caſe, 
however, much of the inflammable air went to 
the formation of the vitriolic acid air, the ſmell 


of which was very perceivable in the courſe of 
the experiment. The copper that I made in this 


way was brittle, and therefore ſeemed not to be 
perfectly metallized ; but being fuſed with borax, 
* became petfe®t copper, and, as 1 think, with- 
out any loſs. of weight. £ 

Biſmuth abſorbed inflamimable as in. th pro- 
portion of 185 ounce. meaſures to the ounce, The 
calx I uſed was a precipitate from the ſolution of | 
this metal in ſpirit of nitre. * 
Fa 1 got from a precipitate: of à ſolution of 
green vitriol by ſalt of tartar, moiſtened with ſpirit - 
of nitre, and expoſed to a red heat. This cal 


abſorbed in the proportion of 896 ounce meaſures 


of the inflammable air to an ounce of iron, which 
was in the form of a black powder; but to all 
appearance as much attracted by the magnet as 
iron filings. But it cquld not be expected, that 
perſect iron, containing its full proportion of phlo- 
n 
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inflammable : air may be expelled ©. rea ron 
- in this very proceſs*, 

Silver I evidently revived Fro a es of ; it 
in ſpirit of nitre precipitated by ſalt of tartar, and 
alfo from luna cornea. A quantity of this laſt ſub- 
ſtance abſorbed twenty three ounce meaſures of 
inflammable air; but I could not get any calx of 
filver free from ſmall grains of the perfect metal, 

which was eaſily diſcovered by a magnifier, and 
therefore I could not aſcertain the quantity of I 8 
flammable air abſorbed by it. 3h 
Small grains of regulus of cobalt [ anaduicd 
from zaſfre, and inflammable air was W 
but I did not eſtimate the quantity. una A 

A quantity of manganeſe abſorbed FILE ounce 

en of inflammable air; but I could not per 
ceive any thing in it which had the appearance E 
metal. But I imagined I had not heat enough 
for the purpoſe; and mixing with it ſome calcined 
borax, I repeated the experiment, when there: Was 
again an evident abſorption of air, and in the 
courſe of that experiment, I once thought that 2 
be. db: a ſmall globule of metall. 

Einc and arſenic were only ſublimed in this SR 
cel. The fame was the caſe with the glaſs of 

® I ltzvs fince found that iffanimable air cannot be expelled 


from iron by heat, without ſome moiſture, which CHOY feems 
| neceſſary to its conſtitution. : : 


40> 
We 
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antimony ;, but the experiment was attended with 
this peculiar circumſtance, that when the glaſs was 
melted in inflammable air, it -formed itſelf 1 into | 
needle-like cryſtals, arranged in à very curious 
manner; and I could not produce that appearance 
in other kinds of air. 

Inflammable air being cleatly imbibed by the. 
calces of metals, and thereby reviving them, is a 
ſufficient proof of its containing what has been 


called phlogiſton ; and its. being abſorbed by them 


in toto, without decompoſition, is a proof that, ex- 
cluſive of water, it is nothing beſides pblogiſton in 
the form of air, unleſs there ſhould be ſomething 
ſolid depoſited* from it at the fame time that the 
proper phlogiſtic part of it is abſorbed. With 
reſpe& to this, I can only ſay that, in the courſe 
of the experiments, I did not perceive any thing 
of the kind: for though in ſome of the proceſſes 
there was a black ſmoke- produced, in others I 


could perceive nothing but part of the calx ſub- 


liming, and clouding the glaſs. On this account, 
however, I could not pretend to aſcertain the 
weight of the inflammable air in the calx, ſo as. to 
prove that it had acquired an addition of weight 
by being metalized, which I often attempted. But 
were it poſſible to procure a perfect galx, no part 
of which ſhould be ſublimed and diſperſed, by the 
125 neceſſary to be made uſe of in the proceſs, 1 

83 | ſhould 
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"ſoul not doubt but that the quantity: of daflim- 


mable air imbibed by it would arg add to 


its weight. 


Delidia the eben ef mieads hom df Far 


I had other proofs, and of a nature ſufficiently 


curious, of inflammable air containing phlogiſton. 


"Thus, by means of it, I was able to make phoſ- 


phorus, nitrous air, liver of fulphur, and ſulphur it- 
ſelf, in all of which phlogiſton is TIN to 
be a principal ingredient. 

Throwing the focus of the lens upon a 2 
of that glaſſy matter which is made from calcined 
bones by oil of vitriol in inflammable air, ſome of 


it was abſorbed, and all the inſide of the receiver 
was covered with an orange coloured ſubſtance, 
which had a ſtrong ſmell of phoſphorus. I then 
wanted ſun- ſnine to continue the experiment; but 
I é was ſatisfied that there was ſufficient proof of 
phoſphorus being actually formed in this manner. 
With alkaline air I ſucceeded much better. 


In two ounce meaſures and a half of this air, I 
produced, from the glaſſy matter mentioned above, 


two grains of phoſphorus in one maſs, the veſſel 


being only filled with white fumes during the pro- 


ceſs. One fourth of the bulk of the air remained, 
and this was inflammable, burning with a yellow 
lambent flame, exactly like that which is produced 


in the proceſs for making phoſphorus, 


4 | That 


evident, if there be any fuch thing as phlogiſton'z 


and I have farther proyed, that it contains very 


nearly as much phlogiſton, in proportion to its 
bulk, as inflammable air itſelf. I had now, how. 


ever, the farther ſatisfaktion to be able to make, 
nitrous air from its two conſtituent principles, via. 


nitrous yapour and inflammable air. The moſt 
eaſy proceſs for this purpoſe is, to throw a ſtream 


of nitrous vapour into a large phial previouſly 
filled with inflammable air. In this manner nitrous 


air is inſtantly formed, and in great quantities; 


but as this nitrous vapour is produced by the rapid 
ſolution of biſmuth in ſpirit of nitre, which at the 
fame time produces a quantity of nitrous, air, che 


experiment. is not quite unexceptionable. | I there- 


fore. anempted the fame thing in the following 


manner,-- - *- 


Taking a 3 of what I haye called "Y 


nia calx of lead, which I firſt produced by 
uniting nitrous vapour to minium (in conſequence 


of which, from being a red and powdery ſubſtance, 


it becomes white, compact, and brittle) I placed it 
upon a ſtand, in a receiver filled with inflammable 
air, and throwing: the focus of the lens upon it, 


there was a diminution of the inflammable air, 
which amounted to about two thirds, of the whole, 
and FO time lead was revived from, the 
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ca. After this there was no more diminution of 
the air, or revival of the calx: and then examin- 
ing whit remained ef the alt, 1 found it to be all 
ſtrongly fütrous: and, from the circumſtances in 
which it was produced, it muſt have been' form- 
ed from the nitrous vapour contained in the calx, 
and che inflammable air in the receiver. In or- 
der to aſcertain the purity of this nitrous air, I 
mixed it with an equal quantity of common air, 
and found that they occupied the ſpace of 1.32 
meaſures. Freſh nitrous air made in the uſual 
way, and mixed with common air in the ſame 
proportion, occupied the ſpace of 1.26. This 
difference aroſe not from any impurity in the 
nitrous air, but from the mixture of the dephlo- 
giſticated air, which ret bag 2714. e this calx 
by heat. 

Liver of fulphur was procured by throwing the 
Focus of the lens upon vitriolated tartar in in- 
| flammable" air, and it appeared to' be perkeftly 
well formed. | 

- Laſtly, to produce fulpbur, I threw the focus 
. 1 the lens on à quantity of oil of vitriol, con- 
tained in an hollow earthen veſſel, and evaporated 
«it to dryneſs | in a receiver filled with inflammable 
air; in conſequence of Which the inſide” of the 
receiver acquired a whitiſh incruſtation, which 
ben warmed had a de 4 ſmell of ſulphur ; and 


repeating 


% 
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repeating the proceſs in the ſame receiver, I was 
able, this ſecond time, to ſcrape off enough of 
the matter to put on a piece of hot iron, and to 
produce the genuine blue flame, as Ano as the 
ben mel, of ſulphur. 1 
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| eee which prove that Water is 4 a neceſſary i in- 
| Nora in 1 Air. | 


2 a 
* — q bn mo_ — 
- —— "yy" " „ 


Fo Are firſt I had no ſuſpicion that” water was any 
of inflammable air, and it may be worth 
while to en, the experiments which led to that con- 
cluſion. Having put a quantity of iron lings, care- 
fully ſorted with a magnet, i into one of the glaſs-vel- 
ſels, fig. a, PL iv. I filled the reſt of the veſſel — 
quickſilver; and placing it inverted in a baſon of 
Nt I threw the focus of the lens upon the 
iron-filings, and preſently air was produced; which, 
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being examined, appeared to be inflummable, _ 
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ie berg It reſembled inflariimable, air 
that had been waſhed in water till its 1 
was nearly gone. I alſo could not diſtinguiſh the 
colour of the flame, when I made the exploſion in 
the uſual manner, by the approach of a candle. Af. 
ter the operation, the iron from which the air had 
been extracted, had an exceedingly ſtrong ſmell, 
exactly like that of very ſtrong ee * | 
OI EINE; NR: 

In the ſame manner n the ling of 
: ould ab are made of the beſt of ſteel z 
and it was not tobe diſtinguiſhed from the inflam- - 
mablerair of the laſt: experiment. Theſe filings, as 
well as thoſe of iron, I had carefully ſorted witch a 


magnet, ſo that I believe there was ho daran mut. | 
ter mixed with them. 


N. B. The ſpot on which ee een 2 825 


was thrown, was much blacker than any other part 
of the filings; and during the application of the 
heat, a quantity of the filings would ſometimes. be 
diſperſed, as by an exploſion below: the ſurface f 
them; owing, I ſuppoſe, rt res. 
of air from ſome of the filings. that: la under the 
reſt, but where the heat could reach ther, gig 
Having thus. got air ftom iron, I. proceeded to 
make ſimilar experiments on other metals. But as 
all the other metals have more or leſy affinity with 
c 


vacuum 3 
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vacuum. But being poſſeſſed of Mr. Smeaton's air- 
pump, I could depend upon the vacuum being very 
exact; ſo that very little common air could be mixed 
with the air produced. That the filings. of the 
different metals might be perfectly unmixed, I pro- 
cured new files, quite clean, and uſed one lide of 
each for each of the metals. 

F Wich this apparatus, 2 the focus 4 lens 
upon filings of zinc, and preſently got from them 
air which was very ſtrongly inflammable. Zinc is 

- - aid to contain more phlogiſton than the other me- 
tals, and the difference between the inflammable air 
from zinc, and that which I got from iron, was very 


From braſs-duyft . I got inflammable air in conſi- 

_ derable plenty, and alſo from tin; but this laſt was 

very ſlightly inflammable. I could not have per- 
| ceived it to be ſo at all but by dipping a lighted can- 

dle into a veſſel full of it; whereas, in other caſes, I 
made the trials by preſenting the flame of a candle 
to the narrow mouth of a phial filled with the air, 

That braſs ſhould yield inflammable air, I attribute 
ale by hangs of which, copper is con- 
verted into braſs, 

Thus all the metals that yield- fe air 
when diſſolved in acids, gave inflammable air alſo by 
heat only, With other metals I had no ſucceſs. 

A 
| d 


Sei I. 
much, and blackened all the inſide of my receiver; 
but the air that I got from it was mM mw 
and extinguiſhed a candle. 

From biſmuth, and nicks, L got hdg ap ce! at 
all; but in theſe experiments the heat was not ad- 
vantageouſly applied, and the biſmuth ſoon melted 
into. large lumps, on which my lens had no power, 

I got no air from lead or copper. By. throwing | 
the focus of the lens upon the  formet, the receiver 
was filled with fumes; but the heat was by no means 
ſufficient for the experiment with: copper. not 


It is generally ſaid, that charcoal is indeſtructible, 
except by a red heat in contact with air: But 1 


found that it is perfectly deſtructible, or decompoſed, 


in vacuo, or as will appear hereaſter, by means of 


water which it attracts when red hot from the moiſ- 


ture in the receiver. For in theſe-circumſtances, 
and by the heat of a burning lens it is almoſt wholly 


converted into inflammable air; ſo that nothing re- 


mains beſides an exceedingly ſmall quantity of 


white aſhes, which are ſeldom viſible, except whenz 
in very ſmall particles, they happen to croſs the ſun- 
beam, as they fly about within the receiver. It 


would be impoſſible to collect or weigh them; but, 


according to appearance; the aſhes thus prodriced - 
from many pounds of wood, could not be/ſuppoſed - 


to weigh a grain. The great weight of aſhesipro- 
e eee 
eee 5 | what 
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what is attracted by them from the air. The air 
which I get in this manner is wholly inflammable, 
without the leaſt particle of fixed air in it. But, in 
order to this, the charcoal muſt be perfectly well 
made, or with ſuch a heat as would expel all he 
fixed air which the wood contains; and it muſt be 
continued till it yield inflammable air only, which, 
er en n I 
. Wood, or charcoal, is even perfectly doſtructible, 
-thacis, reſolvable into inflammable air, in a good 
cearthen retort; and a fire that would about melt iron. 
In theſe circumſtances, after: all the fixed air had 
come over, I, have ſeveral times continued the pro- 
ceſs during a whole day, in in all which time inflam- 
mable air has been produced equably; and withoutany. 
appearance of a termination. Nor did I wonder 
At this, after ſeeing it wholly vaniſh into inflaramable 
air in vacuo. A quantity of :charcaal made from 
| oak; and weighing about an ounce, generally gave 
eee e r eee | 
twelve minutes. l n Cove ele $3 
That nn is ſometimes pro- 
duced from burning /inflammaþle and dephlogilti- 
cated air ſeemed to be evident from the experiments 
of Mr. Cavendiſh and Mr. Lavoiſier. I have alſo 
frequently collected conſiderable quantities of water 
in this way, though never quite ſo much as the 
* two kinds of air decompoſed. My 


— | 
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. Into 
the mouth of a large glaſs balloon (a) Fig. 4. PL vii. 
I introduced a tube from the onfice of which chere 
continvally iſſued inflammable air, from a veſſel 
containing! iron and oil of vitriol. This being 
lighted;"continued to burn like à candle. Pre- 
 ſently after the lighting of it, the inſide of the bal- 
loon always became cloudy, and the moiſture ſoon 
gathered in drops, and ſettled in the lower part of the 
balloon. To catch whay might iffue-in the form of 
vapour, in the current of air through the balloon, 
I placed the glaſs tube (5) in which I always found | 
ſome water condenſed. | It is very poſſible, how- 
ever, that in both theſe modes of experimenting; the 
water may be converted into a kind of vapour, 
which is very different from ſteam, and capable of 
being conveyed a great way through ar, ur cyen wa | 
ter, without condenſation; along with the air it 
which it is mixed; and on this account it may not 
be poſũible, in cither of theſe modes of experiment- 
ing, to collect all the water which the two kinds 
of air will yield.” The nature of this-kind of | 
eee wipes INS be changed, and 
—— bur well; deſerves the partieular hea 
e ee 164 Even 3 evage- 
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rate, ſo as to mne below 
that of boiling water.. 
That tho er cllodied in the inllabe came fm 


| the decompoſition of the air, and not from the freſh. 


air circulated through it, was evident from placing 
balls. of hot iron in the place of the flame, and find- 
ing that, though the balloon was as much heated by 
them as by the flame of the burning of the inflam- 
mable air, and conſequently there muſt have been 
the fame current of the external air ee it, no 


moiſture was found in the ballbon. 


When, — — iflnnnable air 
emp the water J collected was as far as 
could perceive free from acid, and the inſide of the 
balloon was quite clear, but when I uſed ſulpboratad 
iron, there was a denſe white cloud that filled the in- 
fide of the balloon- There was alſo a ſtrong ſmell 
of vitriolic acid air, and the er mee _ 
fibly-acid to the taſte. | 

Afterward, ſeeing, 005 water produced in bone 
expetiments in which inflammable air was decom- 
poſed, I was particularly led to reflect on the relation 
which they bore to each other, and eſpecially Mr. 
Cavendiſh's ideas on the ſubject. He had told me 
that notwithſtanding my former experiments, from 
which I had concluded that inflammable air was 


pure phlogiſton, he was perſuaded that water was eſ- 


ſential to ehe production of it, and even entered into 
Gs | | a AEM 
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it as a conſtituent principle. At that time 1 did 
not perceive the force of the” arguments which he 
ſtated to me, eſpecially as; in the experiments with 
charcoal, I totally diſperſed any quantity of it wich 4 
burning lens in vacuo, and thereby filled my receiver 
with nothing but inflammable air. I had no ſuſpi- 
cion that the wet leather on Which my receiver ſtood 
could have any. influence in the caſe, while the piece 
of charcoal was ſubject to the intenſe heat of the 
lens, and placed ſeveral inches above the leather. I 
had alſo procured inflamimable air from chareoal ina 
glazed earthen retort two whole days ſucceſfively, in 
which it had given inflammable air without inter! 
miſſion. Alſo iron filings in a gun- barrel; and 4 


gun-barrel- itſelf, had always given ee ar 
whenever I tried the experiment. e en 


Theſe circumſtances, however, n Ron 


perhaps would have deceived - any other perſon; for 
I did not know, and could not have believed, the 


powerful attraction that charcoal, or tron; appear to 


have for «water when they are intenſely hot. They 


will find, and attract it, in the midſt of the hotteſt 


fire, and through any pores that may be leſt open 
in a retort; and iron filings are ſeldom fo dry as not 
to have moiſture enough adhering to them, capable 


4 - 


of enabling them to give a conſiderable quantity 


inflammable air. But my attention being nom fully | | 
awake to the ſubject, I preſently found that the cir» | 


Vor. I. a _ cumftances 


I mean with reſpe& to the conciy/fion which I drew 


| cipitate - conchuding m. 
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cumſtances above-mentioned had actually miſled me; 


from the experiments, and not with reſpect to the 
experiments themſelves; every one of Which, 1 
doubt not, will be found to anſwer, whenever they 
are tried by perſons of fufficient, * au 


àttentive to all the circumſtances, 


Being thus apprized of che influence — 
ceived moiſture in the production of inflammable 
air, and willing to aſcertain it to my perfect ſatisfac- 
tion, I began with filling a gun-barrel with iron fil- 
ings in their common ſtate, without taking any par- 


ticular precaution to dry them, and I found that 
they gave air as they had been uſed to do, and con- 


tinued to do ſo many hours. I even got ten ounce 


meaſures of inflammable air from two ounces of 
ron filings in a coated glaſs retort. At length, how- | 
ever, the production of infiammable air from the 


gun-barrel ceaſed; but on putting water into it, the 


air was produced again, and a few reperitiohs'of- the 


experiment fully ſatisfied me that I had been too pre- 


1 38 the i een bid the chircoeh, 
ming the receiver the ſtand on which I placed the 


charcoal, and the charcoal itſelf, as dry and as hot us. 
poſſible, and uſing cement inſtead of a wet leather to. 
exclude the air. — ES was not 

| able, 


|  tureof water, by making it red hot in a gun=barrel, 
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able, with the ah. good ſun, 0 an ex- 
cellent burning lens, to decompoſe quite ſo much as 
two grains of the piece of charcoal, which gave me. 
ten ounce meaſures of inflammable air; and this 1 
imagine, was effected by means of ſo much moiſture 
as was depoſited from the air in its ſtate of rarefac- 
tion, and before it could be drawn from the re- 

ceiver. To the production of this kind of inflam- 
mable air I was therefore now convinced, that wa⸗ 
ter is as neceſſary as to that from iron. 


As inflammable air was produced in ſome expe» 


riments, in which I endeavoured to change the na- 


the orifice of which was welded up, it may not be 
improper juſt to mention them in this place, as they 
ſhew the uſe of water in procuring this kind of air. 
They will likewiſe ſerve to ſhew the expanſive force 
of water in that ſtate. The experiments n ogy | 
in March 1783. | 
Putting ſixteen grains of ur is «a 
containing four ounce meaſures and a half, I got it 
welded up; and making it red hot, it burſt in the 
middle after a few minutes. I aſcertained the 
quantity of water, by putting it into a ſmall 'glaſs - 
tube, which J ſealed hermetically, and put within 

the gun-barrel, 70 
I than gut Gn n of gee. into the thicker 
half of 4 muſket barrel, and three grains and a half 
T9. | into 
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into a thinner barrel. Theſe did not burſt when | 


they were red hot, and being pierced under water, 
inflammable air ruſhed out. I repeated theſe expe- 
riments, and always had the ſame reſult; inflam- 
mable. air being procured, when the gun-barrels 
were opened under water; and if the water was in 
ſufficient quantity, part of it at leaſt (for I could not 
meaſure it with exactneſs) was found in the barrel. 
If inflammable air always contains water, water 
ſhould be found whenever this kind of air is decom- 
poſed; yet in heating red precipitate in inflammable 
air, I at one time found little or no water. But having 
uſed more precautions, I have ſince found it inſufficient 
quantity in this proceſs, even though the inflammable 
air was previouſly well dried with fixed ammoniac. 
In this experiment J diſcontinued the proceſs after” 
three ounce-meaſures of air were abſorbed, leaving 
room in the veſſel, that the moiſture might be more 
eaſily collected. With this precaution, and warming 
the veſſel, I collected between an half and three- 
fourths of a grain of water. % 
This experiment may be thought t to be Fw 
able to the hypotheſis of water being compoſed of 
fixed and inflammable air; as all water was care- 
fully excluded, and yet a ſufficient quantity was 
found in the proceſs. But beſides taking into the 
account the water that is neceſſary to conſtitute the 
inſla mmable air, why my not red precipitate, in its 
7 Ws] drieſt 
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drieft ſtate, be ſuppoſed to contain water, as well as 
the ſcales of iron, which will bear any. degree of heat 
without parting with it. Red precipitate is made by 
a liquid proceſs, and therefore the water, that may 
enter into its ys er- as a calx, uy quit it 
when it becomes a metal. | 
- Having found that water is an eſſential ingredient 
* the conſtitution of inflammable air, at leaſt as 
produced from iron, it ſtill remained to be deter- 
mined whether, when a calx is Tevived, and the 
metal formed, the pure phlogiſton only entered the 
calx, or, together with it, that water which was 
mene to its form of inflammable ar. 
In order to aſcertain this, I frequently revived 
40 calces of lead in dry inflammable air, and exa- 
mined the appearances of moiſture afterwards. ' But 
notwithſtanding all the attention that I gave to the 
proceſs, I could not be abſolutely certain, whether 
more moiſture was left in the veſſel than might have - 
exiſted extraneouſly in the inflammable air, or whe- 
ther, when the phlogiſton was abſorbed, it left be- 
hind it any water that had been eſſential to it, as 
inflammable air. Appearances were ſuch as ſome- 
times inclined me to think that every thing which 
conſtitutes inflammable air goes into a calx, in order 
to form the metal; ſo that if this, Sog 2 com- 
pound thing, be called pblogiſton, it will {till be 
true that phlogiſton and inflammable air are the ſame _ 
thing ; but, on the whole, I rather think that the 
Y 1 Vater 
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water which was eſſential to the conſtitution of in. 
flammable air was left behind. 
That water, however, may exiſt in bodies in 2 
combined ſtate, without appearing to be water, we 
know in many caſes ; but it is in nothing more evi- 
dent than in the ſcales of iron, than which no ſub- 
ſtance can have leſs the appearance of containing water, 
But not to give a mere opinion, I ſhall recite 
the particulars of a few experiments, which I made 
with the view aboye-mentioned, In fix ounce 
meaſures and a half of inflammable air from iron, 
I revived lead till it was reduced to one ounce mea- 
ſure and a half, care having been taken to make 
every thing as dry as poſſible, Some moiſture, 
however, did appear, perhaps more than half a 
grain ; but as this air had been confined by water, 
it was no more than might have been contained in 
It as an extraneous ſubſtance, It ought alſo to be 
conſidered, that it muſt be exceedingly difficult to 
expel all moiſture by mere heat from ſuch a pow- 
fdery fubſtance as the yellow calx of lead, without 
. reviving the metal. All chemiſts well know how 
firmly moifture adheres to many ſubſtances, with 
which it does not properly unite, and how much 
heat is neceſſary to ſeparate them, 
Again, in fix ounce meaſures and a half of i in- 
flammable air from iron, I revived lead till there 
remained 0.9 of a meaſure, and there was hardly 
ny mee ee thay I had reaſon to think might 
have 
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have been in the veſſel, independently of what was 
contained in the inflammable air; and in order to 
enable myſelf to judge of this, I melted an equal 
quantity of the ſame minium, under a dry glaſs veſ- 
ſel with common air, when a little moiſture ap- 
peared on the inſide of the glaſs, about as much, I 
thought (for I could only judge by my eye) as 
when I had revived the lead from that minium in 
inflammable air, The quantity of lead revived was 
only ſixteen grains, but a good deal of the minium 
had been made black in the proceſs.  _ 
L.aſtly, I expoſed ſome calx of lead to the heat of 
the lens in inflammable air, received immediately 
from. the. veſſel in which it was generated fram iron 
and oil of vitriol, becauſe this contains leſs watgr 
than that which has been received in water and con- 
fined by it ; and when fix or ſeven oynce meaſures 
of the air were abſorbed, I could not fu ppoſe, from 
the appearance, that the e gs an 
a quarter of a grain, However, when I | 
the experiment once more, I thought there might 
be about half a grain of water, which is more thap 
I can well account for, without ſuppoſing that the 
water which was neceſſary to the conſtitution of in- 
flammable air, and which I ſuppoſe to be about 
half its weight, was left behind when the pure phlo- 
giſton revived the calx. This, therefore, s the 
F 
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qpinion'towhichTaminclined; ſo that I do not think | 
that any water enters into the conſtitution of any of 
the ments. 


% 


SECTION u. 


Inflommable Air from Charcoal and Iron, Sc. by 

| Means of Steam“, 

E E R ſince the diſcovery of the diminution of 
reſpirable air in thoſe proceſſes which are ge- 

_ nerally called Pblogiſtic, it has been a great object 

with philoſophers to find what becomes of the air 

which diſappears in them, | ; 

Mr. Cavendiſh was of opinion, that _ air is 
decompoſed, water only is produced; and Mr. 
Watt concluded from ſome experiments, of which 
J gave an account to the Royal Society, and alſo 


- F This ſection (which was an article in the PhiloTophical Tranſ- 
actions, Vol. 75, p.279) might have been introduced into Part I. which 
treats of the production of inflammable air ; but as it likewiſe - 
proves the compoſition of it from water and phlogiſton, it will 
CW uit better in this connexion, NEO 


5 & 4 from 
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from ſome * of his own, that water con- 


ſiſts of dephlogiſticated and inflammable air, in 
which Mr. Cavendiſh and M. Lavoiſier — 


with him; but Mr. Lavoiſier is well known to A 


maintain, that there is no ſuch thing as what has 
been called phlogifon ; affirming inflammable air to 
be nothing elſe but one of the elemente ene x 
tuent parts of water.. ww, 
Such were the hypotheſes to which 1 ae : 
when I began the following courſe of experiments; 
which I hope will be an admonition to myſelf 
as well as to others, to adhere as rigorouſly" as 
poſſible to actual obſervations, and to be extremely 
careful not to overlook any circumſtance that may 
poſſibly contribute to any particular reſult. I ſhall 
have occaſion. to notice my own miſtakes with re- 
ſpect to conclufions, though all the facis were ſtrictiy 
as I have repreſented them. But whilſt philoſo- 

phers are faithful narrators of what they obſerve, 
no perſon can juſtly complain of being miſled by 
them; for to reaſon from the facts with which 
they are ſupplied, is no more the province of the 
perſon who diſoovers them, een to er 
they are diſcovered. 

I had tranſmitted the er of Great" Auid 
ſubſtances; through red hot earthen tubes, and there- 
by procured different kinds of air. Mi Laveiſier 
adopted the ſame proceſs, but uſed an iron tube; 
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and by means of that circumſtance made a very 
valuable diſcovery which had eſcaped me. I had 
indeed, on one occaſion made uſe of an iron tube, 
and tranſmitted ſteam through it; but not having 
at that time any view to the production of air, I 
did not collect it at all, contenting myſelf with 
_ obſerving that water, after being made red hor, 
Was ſtill water, there. being no change in its ſenſible 
properties. Being now fatther inſtructed by the 
experiment of M. Lavoiſier, I was determined to 
repeat the proceſs with all the attention I could 
give to it; but I ſhould not have done this with 
ſo much advantage, if I had not had the aſſiſtance 
of Mr, Watt, who always thought that M. Lavoi- 
cluſion that he drew from them. As to myſelf, 
J was a long time of opinion that his concluſion 
was juſt, and that the inflammable air was really 
furniſhed by the water being decompoſed in the 
proceſs. But though I continued to be of this 
opinion for ſome time, the frequent repetition of 
the experiments, with the light which Mr. Watt's 
_ obſervations threw upon them, ſatisfied me at 
length chat the inflammable- air came from the 
charcoal, or the iron, 
I ſhall firſt relate the reſult of the experiments 
that was made with charcoal; and then thoſe with 
von and other ſubſtances, in contatt with which 

(when 
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| (when they were in a ſtate of fuſion, or at leaſt 
red hot) I made team, or the vapour of other 
liquid ſubſtances, to pals, | 
that, previous to this, I began to make the experi- 
| ments with coated glaſs tubes, which I found to 
never failed to break in cooling. At length 1 pro 
cured a tube of copper, on which, as M. Lavoiſier 
diſcovered, ſteam had no effect; and at laſt I made 
uſe of earthen tubes, with which Mr. Wedgwood, 
that maſt generous promoter of ſcience, liberally 
ſupplied me for the OE and theſe, glazed 


I ſhall only obſerve 


eee find far preferable 


copper. 
| The. diſpoſition of e eee boa 
theſe experiments were made, was as follows. The 
water was made to boil in a glaſs retort, which 
communicated with the copper or rarthen tube 
that contained the charcoal or iron, &c. and which, 
being placed in an horizontal poſition, was fur- 
rounded with hot coals. The end of this tube 
oppolite to the retort communicated with the pipe 
of a common worm tub, ſuch as is generally uſed - 
in diſtillations, by means of which all che ſuper- . 
fluous ſteam was condenſed, and collected in a 
proper receptacle, while the air which had been 
produced, and had come along with it through 
the worm tub, was tranſmitted into a trough of | 


: ts 5 
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water, where proper veſſels were placed to receive 
it, and aſcertain the quantity of it; after which I 


c.ould examine the quality of it at leiſureꝰ. 


In the experiment with charcoal, I found un- 
Err difficulties, and conſiderable variations in 
the reſult; the proportion between the charcoal. 
and water expended, and alſo between each of 
them and the air produced, not being ſo nearly 
the ſame as I imagined they would have been. 
Alſo the quantity of fixed air that was mixed with 
the inflammable air varied - very much. This 
laſt circumſtance, however, ſome of my experi- 
ments may ſerve to explain. Whenever I had 
no more water than was ſufficient for the produe- 
tion of the air, there was never any ſenſible quan- 
tity of uncombined fixed air mixed with the in- 
flammable air from charcoal. This was particu- 
larly the caſe when J produced the air by means 
of a burning lens in an exhauſted receiver, and 
alſo in an eirthen retort with the application of 
an intenſe heat. I therefore preſume, that when 
the ſteam tranſmitted through the hot tube con- 
taining the charcoal was very copious, the fixed 
air in the produce was greater than it would 
otherwiſe have been. The extremes that I have 
pbſerved in the proportion of the fixed to the in- 


*. The diſpoſition of this apparatus may be feen Pl, vn. ig a 


Sell. IL, INFLAMMABLE- n. abs 


flammable air have been from one / twelfth" to 
one fifth of the whole. As I generally produced 

this air, the latter was the uſual proportion; and 
this was excluſive of the fixed air that was inti- 
mately combined with the inflammable air, and 
which could not be ſeparated. from it except by 
decompoſition with dephlogiſticated air; and this 
combined fixed air I ſometimes. found. to be one 
third of the whole mas, though * ne 
| quite ſo much. | 

0 70 aſcertain MIR * . one Fane oh of | 
this inflammable air from charcoal (after the un- 


combined fixed air had been ſeparated from it by - 


lime water) with one meaſure of dephlogiſticated 
air, and then fired them by the electric ſpark. | Af. 
ter this I always found that the air which remained 
made lime water very turbid, and the proportion 
in which it was now diminiſhed, by waſhing in 
lime water, ſhewed the quantity of fixed air that 
had been combined with the inflammable. That 
the fixed air is not generated in this proceſs, is 
evident from there being no fixed air found after 

the exploſion of dephlogiſticated air and nn 

mable air from iron“. 17 


Ait 2 ty I on 

* When „ I imagined that the fixed- air, 
which was found on the decompoſition of this inflammable air 
with dephlogiſticated air, had been contained in the inflammable 
air, But it will appear, that it muſt have been formed by the 
; , ” umon 


/ 
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Part II. 
Notwithſtanding the above-mentioned variations, 


the loſs of weight in the charcoal was always much 


exceeded by the weight of the water expended ; 


| which was generally more than double that of the 


charcoal; and this water was intimately combined 


with the air; for when I received a portion of it 


in mercury, no water was ever depoſited from it. 
The experiment which, upon the whole, gave 
me the moſt ſatisfaction, and the particulars of 
which I ſhall therefore recite, was the following. 
Expending ninety four grains of perfect charcoal 
(by which I mean charcoal made with a very 
ſtrong heat, fo as to expel all fixed air from it) 
and 240 grains of water, I procured 840 ounce 
meaſures: of air, one fifth of which was fixed air, 


and of the inflammable part nearly one third more 


| appeared to be fixed air by decompoſition, 


Receiving this kind of air in a variety of en- 


e but not in che preceding ones in par- 
ticular (for then 1 could not have aſcertained the 


quantity of it) conſiſting of fixed and inflammable 
air together, I found ſome variations in its ſpecific 
gravity, owing, I imagine, to the different propor- | 


tions of fixed air contained in it; but upon the 


whole, I think, that the Proportion of fourteen 


union of phlogiſton (or inflummabtle tr) and dephllogitticated air, 
made by the exploſion; though operands raged: ara 
emet wikes the Tallgnmnable air from lean 6 TRE: | 

graing , 
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grains to forty ounce meaſures is pretty near the 
truth, when the proportion of fixed air is about 
dne fifth of the whole, Wich reſpect to the weight 
of the inflammable air after the fixed air was fe- 
parated from it, I found no great difference, and 
rn" Ray dit 
ounce meaſives. $4 

Upon tele principles; the whole weight of dhe 
| $40 ounce meaſures of air will be 294 grains 


that of the charcoal will be 94 
that of the water e 
334 which, con- 


| ſidering the nature | of the experiment, will perhaps 

be thought to be tolerably near to that of the air. 
If the air be analyzed, nenn regs 
neee = 


i 168 bf uncombined fixed air=rgx graing. 
. W mn. 2 © 
bo that the what Tho aim wech "Hake." 330. 
It may, however, be ſafely concluded from this 
| nj, and indeed from every other that I 
made with charcoal, that there was no more pure 
inflamamable air produced than the charcoal itſelf 
may be very well ſuppoſed to have ſupplied — _ 
| There is, therefore, no reaſon for deſerting the 
| vid etblthed hypothes of pbariſor on nccoune 
| | A of 


4 
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of theſe experiments, ſince the fact is by no means 
inconſiſtent with it. The. pure inflammable air; 
with, the water neceſſarily contained in it, would 
weigh no more than about thirty grains, while the 
| loſs of weight im the charcoal was ninety four 
grains. But to this muſt be added the phlogiſton 
contained in 392 ounce meaſures of fixed air, 
which, according to Mr. Kirwan's proportion, will 
be nearly, ſixty five grains, and -this and the 2 
grains will be ninety five grains. 

Ihe baſis to this fixed air, as well as to e in; 
flammable, muſt have been furniſhed by the water; 
and 1 afterwards found that water is about pros 
half of the weight of fixed air. en blo 

Before I conclude my account of ths experi 
ments with charcoal, I would obſerve, that * 
is another on which I place ſome. dependence, in 
which, with the loſs of 178 grains of Aer 
and 528 grains of water, I procured 1410 ounce 
meaſures of air, of which the laſt portion (for L 
did not examine the reſt) contained one ſixth part 
of uncombined fixed air. This was ue in an 
earthen tube glazed on the outſide. 
The experiments with iron were more ae | 
tory chan thoſe with charcoal, being ſubject to leſs 
variation; and they by no means require us to 
ſuppoſe that the inflammable air comes from the 
water, but only. from the iron, as the quantity of 

+. * Vater 
; | 
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| water expended, deduQting che weighr ef the air 
produced, was as nearly as cquld be expected in 
experiments of this. kind, ound in the addition. of 
weight gained by the iron. And though the in- 
flammable air procured. in this . proceſs is between 
one third and one half more than can be procured 
from iron by a ſolution in acids, the reaſon may 
be, that much phlogiſton is retained in the ſolu- 
tions, and therefore much more may be expelled 
from iron, when pure water, without any acid; 
takes the place of it. I would farther ob ſerve, 
that the produce of air, and alſo the addition of 
weight gained by the iron, are much more eaſily 
aſcertained in. theſe experiments than the quantity: 
of water-expended in them, on account of the great 
length. of the veſſels uſed in the proceſs,” and the 
different quantities that may perhaps be retained. 
in the worm of the tub; though 1 did not fail to 
uſe all the precautions that I could think of, to 
guard againſt any variation on theſe accounts. 
Of che many experiments which I made with: 
. Liall comm; ord ee ee 
lowing reſults. With the addition of 269 grains 
to a quantity of iron, and the loſs of 336 grains 
of water, I. procured 840 ounce. meaſures of in- 
flammable air; and with the addition of 140 grains 
to another quantity of iron, and the conſumption 
„Vin. U ol 
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wage grains af water, 16h. 4 ounce meaſures 
n * | SUES 
The \indantwaatil air ed in eee 

i of dhe lighteſt kind, and fre from that very 

aſenſive ſinell which is generally occaſioned by the 
rapid ſolution: of metals in oil of vitriol, and it is 
extricated in as little time in this way as it is poſ- 

ſible to do it by any mode of ſolution. On this 

account it occurred to me, that it muſt be by 

of filling Ballons with the lighteſt inflammable air. 

For this purpoſe it will be proper to make uſe f 

caſt iron cylinders of a conſiderable length, and 

about three or four inches, or perhaps more, in 

diameter. Though the iron tube itſeif will con- 
tribute to the production of air, and ene 


* If the perfet accuracy of the homer of theſe periments 
may be depended on (and it may always be preſumed, that thoſe 
in which /ittle evater is expended are preferable to thoſe in which 
more is conſumed) the water that neceſſarily enters into this kind 
of inflammable air is about equal in weight to the phlegiſton that 
is in it. | 

, The water expended was 336 grains, and the kon gained 16) 
grains. Suppoſing it to have loft phlogiſton etui to half the 
weight of the inflammable air, viz. 840 ounce meaſures 35 grains 
(the whole weight of that air being 50 grains) the TER really 
entered into the iron muſt be eſtimated at 292 grains (which is 
267 ＋ 25). This deducted from 336, leaves:a remainder of 44, 
which is not much more than 25, or balf the weight of the in- 


dammable air. | 3 
„ decome 
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become unſit for the purpoſe. in time. pet, for 


ceſſes, and perhaps the. change mache in the. Mä 
ſurface may protect it from any farther, action of 
che water, if the tube be of ſufficient thickneſs; 
but this can only be determined by experiment. 
eſt and the moſt convenient far filling balloons, 


eſpecially when tubes of caſt iron ſhould be made 


uſe of; I was willing to make a trial of one, in 
would laſt for the purpoſe, I therefore procured 
one of an inch and a quazter in diameter, and not 
more than a quarter of an inch in the thickneſs of 
the metal; and making the middle part of it red 
hot, ſent ſteam through it; and from the reſult of 
r 
1 . 
wa wen wo cou them 09 the t a 
ſome 


and ſand, the fame 
twenty times. That "the reader may form 
ere 6s rl. 6s re 1. ett ase the 
reſult of my obſervations. 

| A e e ber un hn Alen 
and in Sach proods.. granſointed a manch water 
through it as would: 99 chan fuſficient 
225 | 2 "> 7+ 0"; 
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tained. At firſt four ounce meaſures of water 
procured 180 ounce meaſures of inflammable air, 
and then fix "ounce meaſures procured only 160 
dunce meafures. I then examined the tube, and 
found that when both the inſide and outſide were 

_ well ſcraped with a ſharp inſtrument, it had loſt 
twenty five grains ih weight. The ſcales from 
the outſide weighed 282 grains, while all that 
could get from the inſide weighed only thirty fix 

„ grains. Conſequently the tube had gained in 
weight 287 grains: After this I heated it again, 
and tranſmitted through it fix more ounces of 
water, which yielded _ my ounce meaſures 
„„ 

From theſe bie it may be inferred, 
that'the tube wonld foon have ceaſed to give any 
air; the infide being changed to ſome depth by 
the action of the ſteam, and yet it was not much 
diſpoſed to exfoliate.. In time it would, no doubt, 

have become brittle; and might be in danger of 

breaking, from its diſpoſition to bend in the courſe 
of the proceſs. This bending was very conſider- 
able; but did not ſeem to ariſe from any tendency 
in the rr rau turning ir in-cool- 
e meh uſe, might” be prevented; or 


. 9 à great meaſure 
ceaſe, 
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ceale, ven tlie metellie ſtate of che tube was de- 
ſtroyed; and yet with care might continue a firm 
and "mae tube, and as fit for this proceſs as 
at the firſt. If this ſhould be the caſe (which ex- 
perience alone can determine) it i is not to ſay how 


long. a tube of this kind might laſt.. It would - | 


then be a kind of earthen. tube, of the moſt; perſect 
nature, completely air tight, without being dae 
to ruſt or decay. ; 
Upon the whole, ſhould the fondneſs for bal- | 
loons be reſumed, 1 ſee no reaſon why. far the 
greateſt, part of the expence attending the filing 
of them might not be ſaved by means of this proceſs, | 
A complete apparatus for it would not coſt: half ſo | 
much as the filling of a ſingle balloon, that would 
carry a man, in the common way, and would ſerve 
at leaſt a conſiderable number of times, with the 
expence of a very few pounds each time; as there 
would be hardly any thing to pay for beſides; fire 
and attendance, for: a few hours, For ſuch iron as 
would beſt anſwer for this purpoſe. might, in moſt 
places, be had for a mere trife. One 
conveniently fixed, might ſervy for a whole town .. 
or neighbourhood. 
Some eſtimate of what 2 di 
this method of procuring inflammable air may be 
formed from the following obſervations, ., About 
rwelve inches in length of a copper tube, three 
Wy. _* fourths, 
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fourths of an inch in diatneter, filled with iron nun- 
ns (which are more convetilent for this purpeſe 
than fran filings, as they do not lie ſo tloſe, but 
admit the ſteam to paſs through their interſtices) 
when it was heated, and a ſufficient quantity of 
| Audett patied-thirough it, yielded thirty once mea- 
furs öf a in fifty Seb; and eighteen inches 
of another copper tube, an inch and a quarter in 
diameter, filled and treated in the ſame manner, 
pave two hundred ounce meafures in one minute 

and twenty five ſeconds; ſo that this larger tube 
guve air in proportion to its folid contents com- 
pared with the ſmaller ; but to what extent this 
might be depended upon J cannot tell. However, 
as the heat penetrates ſo readily to ſome diſtaner, 
the rate of giving air will always be in a greater 
r Hmmple' dkameret of the 


"Tk Rowing eps ws ala ein a . 
to aſcertain the quantity of inflammable" air that 
may be procured in this way from any given quan- 
tity of iron. Two ounces of iron, or 960 grains, 
hen diſſblved in acids, will yield about 800 
ounce meaſures of air; but treated in this man- 
Her it yielded 1054 ounce meaſures, and then the 
iron had gained 329 grains in weight; which 
is little Hort of one third of the weight of the 
_ 


1 - Cas 


Se. H. INTUAMMABLE/ AIR 296 


Conſidering how -:litthe this inflammable air 
Wii Wo the pes 1054 ounce meaſures not 
more than faxty threr grains, and che difficulty of 
aſcertaining the loſs of water to ſo ſmall a quantity 
as this, it is not poſſihle to determine, from a pro- 
ceſs. of this kind, hom much water enters into the 
compoſition of the, inflarymable air of metals. It 
would be more eaſy to determine this circum- 
ſtance with reſpect to the inflammable air of char 
coal, eſpecially by means of the experiment made 
with a 4urning, lens in vacuo. In this method 
two grains of charcoal: gave at a medium thirteen 
ounee meaſures of inſlammable air, which, in the 
proportion of thirty ounce meaſures to eight grains, 
will weigh 3.3 grains ſe that water in the com- 
poſition of this kind of inflammadle air is in the 
proportion of 1.3 10:2; though there will be ſome 
difficulty with feſpect to the fixed air intimately 
combined with this kind uf inſlammmable air. 
be experiments above-mentioned relating to 
iron were made wich that kind which is malleable; 
but I had the ſame reſult when I made uſe of 
ſurfaces' of them being cryſtallized, and the cryſ- 
tals mixed with each other, ſo that it was with 
great difficulty that they could be got out of the tube 
1 WW 

U4 
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from each other. Indeed the pieces of malleable 
iron adhered together alter eee bor 7 
no means ſo firrnly. | 
Caſt iron annealed (by: being kept add in 
charcoal) is remarkably different from the caſt iron 
which has not undergone that operation, eſpecially 
in its being, to an extraordinary degree, more ſo- 
luble in acids. With the turnings of annealed caſt 
iron I made the following experiment. From 960 
grains of this iron, and with the loſs of 480 grains 
of water, I got 870 ounce meaſures of inflamma-. 
ble air, and tranſmitting ſteam through them a ſe- 
cond time, I got 150 ounce meaſures more. The 
iron had then gained 246 grains in weight, and the 
pieces adhered firmly together; but being thin they 
were eaſily broken and got out of the tube, whereas 
it had required a long time, and a ſharp ſteel inſtru- 
ment, to clear the tube of the caſt- iron nails. 
Having made another experiment with iron, with 
as much attention as I could give to it, I ſhall in 
the firſt place mention that. From two ounces of 
iron turnings (which is caſt iron annealed) I got in 
the firſt inſtance 985 ounce meaſures of air, with 
the loſs. of 528 grains of water ; and the iron, 1 
found, had gained 292 grains in weight. Then 
making four ounces of water of this reſiduum paſs 
over the ſame iron, it gained four grains more, and 
50 | all 
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So that (as extreme accuracy is ——— 
err 
1000 ounce meafures of air ; whereas by ſolution 
in vitriolic acid, it would have yielded about 900. 
Conſequently more air by two fiſths may be-pros 
cured by this new mode of treatment, which alone 
ſhould recommend it to thoſe who fill balloons. © © 
Having procured water from the ſcales” of iron 
(by lbating chair? Ih nene u) 18d MN 
thereby converted it into perfect iron again, L did 
not entertain à doubt but that I ſhould be able to 
| produce the ſame effect by heating it wich charcoal- 
in a retort; and I had likewiſe no doubt but that Þ 
ſhould be able to extract the additional weight 
which the iren had gained (ir, "one-third of the 
Whole) in water. In the former of theſe" con- 
jectures I was right; der vit reſpest to me latter N 
1 ih mene u Wörns 
HFaving made the” Kats dr 8g, e ee 
powder of chareoal very hot, previous to the expe- 
riment, ſo that I was ſatisfied that no air could be 
extracted from either of them ſeparately by any de- 


gree of heat, and having mixed them together 
while they were hot, 1 Put them into an earthen re. 


tort, glazed within and without, which was quite 
imperyious to air, - This J placed in a furnace, in 
65 which 


5 flammable air, which remained when the fixed air 
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which. I could give it a very ſtrong heat ; and oo 
nected with it proper veſſels to. condenſe, and colle& 
the water which I expected to receive in the courſe 
of the proceſs, But, to my great ſurpriſe, not one 


particle of maoiſture came over, but a prodigious oo 


quantity of air, and the rapidity. of its production 
aſtoniſhed me; ſo that I had no doubt but that the 
weight of the air would have been equal to the loſs 
of weight both in the ſcales and in the charcoal ; and 
when I examined the air, which I repeatedly did, 
I found it to contain one-tenth of fixed air; and he 


was ſeparated from it, was of a very remarkable 
kind, being quite as heavy as common air. The 
reaſon of this was ſufficiently apparent when it was 
decompoſed by means of dephlogiſticated air; for 
the greateſt part of it was fixed air. 

The theory of this proceſs I imagine. to. be, het 
the phlogiſton from the charcoal reviving the, iron, 
the water with which it had been ſaturated, being 
- now ſet looſe, affected the: hot charcoal as it would 


have done if it had been applied to it in che form. of 
Lau as in the preceding experiments; and therefore 
the air produced in theſe two different modes have 
à near reſemblance to each other, each containing 
in different proportions ; and in both the caſes. I 
ound theſe proportions ſubject to variations, In 
75: one 


TE nit aMMASEY ATR, 599 


otic prodeſs with charcoal and ſealev oF Ire thi firſt 
produce contained otie fiſtf of Untcormbihed Hxed 
alr, the rrhiddle patt one tefith, and the Raft none at 
all. But in all thefe caſes the "of cum. 
bined fixed it varied ver) kde: e dan bn 


Why ar and not waler mould be 8 


this eaſe,” as well as in the preceding when the iron 
is equally tevived in both, T do not pretend 
to underſtand, There Is, indeed, an dbwious dif- 
ference in the circumſtances of the two experiments 
as in that with charcoal the phllogiſton is fotnid in a 
combined Rate; whereas i that of inſtamrnable 
arr, it ig Jooſe, or only unlted to water; und per- 
haps future ne eee deren 
of du 'Eincurtiſtuncss. nod ach [it 1 AMBITIONS £10) 
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W and others, whq ſay that the inſammable air pro- 
cured by means 0 iron and chartdal, comes from the water, and 
who think that by this means they can exctade phibgiſton. por, 
a0 rding ta them, neither the ſtates" of kon, nor the charcoal, 
contain phlogiſton, or any thipg,fram which i air can 
be made, but are merely ſubſtances capable of imbibing air, 
and thereby ſetting at W eee ated the 
water; luppoſing the ſcales of from to hive buea only ibn Taturated 
with dephlogiſticated air. But had this been the eule, there Was 
nothing in either of the materials made of in this experiment 
which the inflammable air cd come, there being 

no qvater contained iv either of em. But ſappoſitig the reality of 
philogiſton, and its. conſtituting a part of metals, of charcoal, and 
of inflammable air, W 


hy * 
: #.* 
s 
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; After having tranſmitted ſteam in contact with. 
„ I propoſed to do 
the ſame with other ſubſtances containing phlogiſton, 
and I began with bones, which were burned black, 
and had been ſubjected to an intenſe heat, covered 
with ſand, in an earthen retort. From three ounces 
of bones thus prepared, and treated. as I had done 
the charcoal, I got 840 ounce meaſures of air, with 
the loſs of 288 grains of water. The bones were 
by this means made perfectly white, and had loſt 
110 grains of their weight. As the air ccaſed to 


come à conſiderable time before all the water had 


been tranſmitted through the tube containing them, 
I concluded that the air was formed from the phlo-̃ 
giſton contained in the bones, and ſo much water as 
was neceſſary to give it the form of air. f | 
This air differs conſiderably from any other kind 


of inflaminable air, being in ſeveral reſpects a me- 
dium between that from charcoal and that from 
iron. It contains about one fourth of its bull of 
uncombined fixed air, but not quite 


one tenth in- 
imately, combined with, the remainder, The wa- 


ter that came over was blue, and pretty ſtrongly al- 
haline, which ' muſt haye been occaſioned by the 
volatile alkali not having been intirely expelled from 
the bones in the former proceſs, and its having in 
part diſſolved the poppy e the 
| 6 


1 ſub- 
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I ſubjected to the ſame proceſs a variety of ſub- 
ances ene aid n 0 contain phlogiſton, but 
I was never able to procure -inflammable- air by 


means of them; which ſtrengthens the hypotheſis of 
the principal element in the conſtitution of this air 


having been derived from the ſubſtance ſuppoſed to 
contain phlogiſton, and therefore that phlogiſton is 


a real ſubſtance, eee form of 
e 3 des ee wb 


SECTION ut. 


of the Agi f Steam on various Salben in 4 
red Heat. 


paving procured. eh oie by ſend- ; 
ing ſteam over red hot iron, I afterwards ex- 
tended the ſame proceſs to other ſubſtances, and as 
moſt of thoſe contained phlogiſton, and yielded in- 
flammable air, I ſhall recite them in this place. | 


Having been able to decompoſe iron . 
verting it into ſcales, I alſo found that in this way,. 
1 could readily'procure flowers of zinc, as well as in- 
flammable air from that metal. The flowers came 
| over 
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over in a very atteriuated ſtate, the air being loaded 
with them. It might be poſſible, e, 
or en nm m0 ccd them. . 
TIE being made with a mixture of zinc and 
— 'whenever a copper ka ctcdared the os 
purpoſe of chele experiments, particular care ſhould 


be taken that there be no mixture of braſs in it, 
: though it is difficult to have copper caſt ſmooth and 


ſolid without a mixture of either braſs or tin, which 
is not much better. Even pure copper tubes be- 


come brittle, and at length e in theſe experi- 


ments. 


Having at one time been funded to have a 
little braſs mixed with the copper in, one of theſe 
tubes, 1 conſented that the ſmalleſt quantity that 
could be ſuppoſed to be neceſſary to make the tube 
compact, ſhould be put into it. But notwithſtand- 
ing this, and though the tube had a quarter of an 
inch thickneſs of metal, it fell to pieces in the very 
firſt experiment, in which I ſent the ſteam of no 
more than two or three ounces of EET. if. 
Inflammable air was produced very copiouſly, and 


the flowers of zinc were mixed with it; ſo readily 


did” the fteam ſeparate the zine from the copper, 
though-the heat was only ſufficient to make the tube 
2 lee nn it. D! 
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Lead would j probably be far leſs affetted than cop. 
br In theſe experiments ; but then it will not bear 
4 red heat without melting;”” 1 made the fteam of 
about four ounces of water 'paſs over four ounces of 
melted lead, in an earthen tube, with hardly any 
ſenſible effect. The loſs' of pater was not note 
than 0.2 of an ounce meaſure, eee... 
After uſing charcoal in the experiments recited in 
the preceding ſection, I went through one proceſs 
with coak, or the cinder of pit coal, and found that 
from 174 grains of coak, and with the loſs of 528. 
grains of water, I got 1700 ounce meaſures of air, 
of which one fifth was fixed air, and thirty ounce 
meaſures of it weighed ten grains leſs than an equal 
bulk of common air. The analyſis of this 'air will 
be found in the ſection appropriated to that ſub- 
Jett. 
5 | On ir ere this proceſs had no effect. The fan 
was the caſe with the trial I made of quick lime, and 
ſuch would probably n mg. 
cated earths in general. | 
Wich manganeſe, however, the reſult was dr 
ent. Having made the ſteam of four ounces of 
water paſs over $28 grains of this ſubſtance, which 
hall been-expoſed to a ſtrong heat in an earthen re- 
tort ſame time before, I got thirty five ounce mea- 
fares of air, almoſt the whole of which was pure 
apr mga with a reſiduum — . 
mon 


— Lt 
SE SD = 
——— = I 
—. e 3 — * 


— — 


2 ee 


304 OBSERVATIONS ON, Pt III. 


mon air. The manganeſe had loſt 1 32 grains, and 
from being b/ack, was become very broum. Again, 
1. tranſmitted. the ſteam of eight ounces of water 
over. two ounces and a half of manganeſe, and got 
about 100 ounce meaſures of pure fixed air, with 
a reſiduum a little phlogiſticated. nee ave 
A Fg 
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SECTION. w. 


S 
Whether Weib or nitrous ** contain more 


 Phlogiſton. 


T is well known. that both nitrous. and ! inflam- 
mable air contain phlogiſton, but in very dif- 


ferent ftates, becauſe their ſpecific gravities, and 


other properties, are moſt remarkably different. 


Many ſchemes have occurred to me to aſcertain the 


proportion of phlogiſton that ęach of them contains; 
and at length I thought of attempting the ſolution 
of this problem, by burning inflammable air in a 


given quantity of common air. For though in- 


flammable air will not part with its phlogiſton to 
common air when cola, it will like other combuſ- 
tible 


* 
— % A 
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able fübdanses when heated to a certain degree. 
It is then decompoſed, and the phlogiſton-that en- 
tered into its compoſition phlogiſticates the air in 
which it iq burned; and the degree of phlogiſtica- 
tion may be meaſured by the teſt of nitrous. air. I. 
therefore; proceeded as follo www. 


In an eight ounce phial, containing muh * 8 | 


and a quantity of water with oil of vitriol, I pro- 
duced inflammable air ; and making 'it burn * 
a ſmall flame, at the orifice of a glaſs tube through 


which the air was tranſmitted (being cemented into 


the cork. of the phial) I covered the flame with a 
receiver that contained twenty-one ounce meaſures 
of air, ſtanding in water. Afﬀer ſix minutes, the 
flame went out; when, immediately catching the 
air that was produced in the next ſix minutes; and 
alſo in the ſix minutes following, I concluded that 
ſeven ounce meaſures had been produced, and de- 
compoſed, during the ſix minutes in oO it had 
continued to burn. g 
| Then-exumining/the air in which it had burned, 
I ſound it ſo far phlogiſticated; that equal meaſures 
of it and of nitrous air occupied the ſpace of 1.65 
meaſures; and common air mixed with one third 
as much nitrous air, being again mixed in equal 
proportions? with the ſame freſh nitrous air, occu- 
pied the ſpace of 1.68 meaſures. , It appeared, there- 
fore, that the twenty one ounce meaſures of air, having 
Vor. I. X | received 
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received the phlogitori of eue Glad ap much flat 
mable air, viz. ſeven ounce meaſures, was about 
as much phlogiſticated as it would have been with 


a mixture of the ſame proportion of nitrous air. 


Conſequently, equal meaſures of nitrous and in- 
flammable air contain. dbvut agu! quagtites of 
phlogiſton. 

Of this curious problem, hawever, Shs ob- 
tained a more accurate ſolution from the made of 


experimenting introduced by that excellent philoſo- 


pher Mr. Volta; who fires inflammable air in com- 
mon air, by the electric ſpark, and conſequently 
can determine the exact proportion of the inflamma. 
ble air decompoſed in a given quantity of common 
air. The refult of this proceſs agreeing with that 
of the former, leaves little doubt with reſpect to the 


concluſion I have drawn from them. - 


PPP 


of which I had cemented a piece of wite, I filled it 


with water, and introduced into. it another piece of 
wire, ſo as to come within about half an inch of 
the former wire, that an electric exploſion might 
eaſily paſs between them. 


Into this tube, thus eee e 
the firſt place, one meaſure of inflammable air, and 


three of common air; and then, by means of an 


electric exploſion between the wires, in the central 
8 . 
which 
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which would then be decompoſed, and, of courſe, 
part with .its phlogiſton to the common air wich 
which it was mixed. After the exploſion, F ac- 
cordingly found it to be completely phlogiſticated. 
This alſo would have been the conſequence of mix- 
ing che fame proportion of nitrous air with the com- 
mon air. But to determine the problem with ac- 
curacy, it was neceſſary to uſe ſuch a proportion of 
inflammable as would only phlogiſticate the common 
air in part. 

I therefore mixed one meaſure of inflammable 
air with three meaſures of common air, and after the 
exploſion found it to be ſo far phlogiſticated, that 
one meaſure of this and one of nitrous air occupied 
the ſpace of 1.8 meaſures ; and this I alſo found, 
by the ſame teſt, to be exactly the ſtate to which 


2 mixture of one meaſure of the fame nitrous air. 


brought three meaſures of the ſame common air. 

In order to obtain a farther confirmation of my 
concluſion, I mixed one meaſure of inflammable 
air with four meaſures of common air; and after 
the exploſion I alfo found, by the teft of nitrous - 


air, that it was phlogiſticated exactly as much as by | 
the mixture of an equal quantity of nitrous air. And 
repeating the experiment with the ſame proportion 
of inflammable and common air, I found that after 
the' exploſion the air was diminiſhed, without 


mixing with' nitrous air, juſt as much as one mea- 
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ſure of nitrous air diminiſhed four meafures of cot 
mon air, viz. from 7.4 to 5. a meaſure. 

HFaving ſince this given more attention to theſe 
experiments, I have ſeen reafon to conclude that 
inflammable air from iron and water; contains more 
phlogiſton than nitrous air, in the proportion of 
ten to nine. For nine meaſures: of inflammable air 
will diminiſh dephlogiſticated air as much as uo 5 
nitrous air. | 


The aue of differen Kinds of abend As 


12 4 proceed to the analyſis of the 
different kinds of inflammable air, which i is 
© the ſubject of this ſection, I ſhall obſerve, that the 
pureſt we can procure (which is that from. metals 
by ſolution in the mineral acids, or rather that by 
means of ſteam from red-hot iron) ſeems to conſiſt 
of phlogiſton and water, and that neither acid nor 
alkali is a neceſſary ingredient in it; though, when, 

| | it 
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x is produced: by means of either of them, a ſmall 
portion of either may be retained in it, as an ex- 
traneous ſubſtance. That this, however, is the caſe, 
has been very clearly ſhewn by. Mr. Senebier, 
though I think that the production of inflammable 
air by means of iron and ſteam only, without either 
acid or alkali, ſufficiently proves that his hypotheſis 
of inflammable air neceſſarily acquiring ſome faline 
baſis, cannot be well-founded. 

It was, indeed, my own firſt opinion, that in- 
er air conſiſts of acid and phlogiſton. Af. 
terwards I adopted the opinion of Mr. Kirwan, viz. 
that it is pure phlogiſton in the form of air, but 
at preſent I am fully ſatisfied with the opinion of 
Mr. Cavendiſn, that water is n 
dient in the conflicution of this kind of air.” 

That no acid is neceſſarily contained, or at leaſt 
wy ſenſible quantity, either in inflammable air; 
though produced by means of acids, or in the de- 
phlogiſticated air of the atmoſphere, ſeemed to be 
evident from the following experiment, which 1 
made with the greateſt care. Taking a baſon 
which contained a ſmall quantity of water tinged 
blue with the juice of tumſole, I placed in it a bent 
tube of glaſs, which came from a veſſel containing 
iron and diluted oil of vitriol ; and lighting the cur- 
rent of inflammable air, as it iſſued from this tube, 
| ſo tharit burned exaQly: like a canglle, I placed over 
OR ES. it 
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X an inverted glaſs jar; fo that the mouth of it was 
plunged in the liquor. Under this jar the inflam - 
mable air burned as long as it could, and when it 
was extinguiſhed, for want of more pure air, I ſuffered 
the liquor to riſe as high as it. could within the jar, 
that it might imbibe whatever ſnould be depoſited 
from the decompoſition of either of the two kinda 
of air. I chen took off the jar, changed the air in 
it, and lighting the ſtream of inſammabie air, re- 

placed the jar as before. This I did till | bad de- 
_ compoſed a. very great quantity of the two kinds of 
air, without perceiving the leaſt change in the co- 
lour of the liquor, which muſt, I thought, have 
been the caſe if any acid had entered as a neceſſury 
conſtituent part into either of the two kinds of air, 
I alfo found no ac whatever in the water which 
was procured by keeping a ſtream. of inflammable 
air conſtantly burning in a large glaſs balloon, 
| tough which the air. could circulate, fo that the 

flame did not go out. oft 

_ , Withreſpe& to inflammable vir fel, I hams the- 
| Gur. bb that when ſufficient care is taken to 
fee it from any acid vapour that may be accidentally 
contained in it, it is not in the ſmalleſt degree af- 
tected by a mixture of alkaline air. On the whole, 
therefore, I have at preſent no doubt but that pure 
inſtammable air, though it certainly contains water, 
ame pope contain any acid. Yet an acid 


yapour 
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vapour may be eafily diffuſed through it, and may 
perhapi in many eaſes be obſtinately retained by it, 
as no kind of air feems- to- be capable of ſo great 
a variety of impregnations as inflammable air is. 
That there are Uifftrent kinds of inflammable 
air, has been obſerved by moſt perſons who have 
made” anyexperiments'on air. That which has 
been moſt commonly: obſerved: is, that ſome of 
them burn with what may be called a lambent flame, 
ſometimes blue, ſometimes yellow, and ſometimes 
white, like the flame from. wood or coals in a 
common fire ; whereas another kind always burns 
with an exploſior, making more or leſs of a report, 
| when a lighted candle is dipped into a jar filled 

with” it. Of the latter kind is that which is ex- 
tracted from metals by means of acids, &c. and 
of the former kind is that which is expelled from 
wood, coal, and other ſubſtances by heat. It has 
alſo been obſerved, that theſe kinds of inſlammables 
air have different ſpecific gtavities, the pureſt kind, 
or that which is extracted from iron, &c. being 
about ten times bghiter than common air, but 
ſome ol the ocher kinds not more ow twice a 
Whit: 2 18705 
Tie boni of dis Mferemed"$: oss esl 
had diſtavered to be the heavier kinds of inflam· 
mable air containing a proportion of fixed air, ſo 
intimately combined with" them, fo as nat TX 
X 4 | ” 
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diſcoverable by lime water, while the lighteſt kind 
contained no fixed air at all. This hypotheſis I 
formed from decompoſing them with common or 
dephlogiſticated air, by the electric exploſion. For, 
after the experiment with the heavier kinds of in- 
flammable air, I always found à quantity of fixed 
air in the reſiduum, but none at all after the ex 
rue, with the lighteſt kin c. 

In order to decompoſe any kind of ih 
ble air, I generally mix it with an equal quantity 
of dephlogiſticated air, and then confine them in 
a/ ſtrong glaſs veſſel, previouſly filled either wich 
water or mercury, and I make an electrie ſpark in 
ſome part of the mixture, by means of wires in- 
ſerted through the ſides of the veſſel; and nearly 
that I was; able to aſcertain two' things relating to 

the conſtitution of different kinds of inflammable 
air, viz.” the quantity of combined fixed air (as 1 
then thought it to be) and likewiſe the relative 
quantity of phlogiſton contained in each of them. 
The former appeared by waſhing the air with 
lime water after the exploſion, and obſerving how 
much of them was abſorbed, and the latter by 
examining the reſiduum with the teſt of nitrous 

air, and obſerving the purity of it. In moſt of 
theſe experiments I made uſe of dephlogiſticated | 
-; POR . becauſe I could 
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ſure, no fixed air was found in the reſiduum, and 
when examined wich an equal quantity of nitrous 
air, Was reduced to 0587 of a meaſue. 0 in 
With the ſame dephlogiſticated air ane 
inflammable air that had been got from a mixture 
of finery cinder and charcoal, and found, that after 
the exploſion, the two meaſures were reduced only 
to 1.8 5, but that by waſhing in the lime water, 
they were reduced to 1242. Conſequentiy o. 65 of 
2 meaſure of fixed air had been generated in the 
proceſs. When this was ſeparated from it, and 
the remainder examined by nitrous air, it appeared 
to be of the ſtandard: of o.; fo that the dephlogiſ- 
ticated air had been more injured by this than 
by an equal quantity of the common inflammabiſe 
air, though the ü in this N was not 
conſidenble. n 6 en e 
In another proceſs with this kind of — 
ble ait, the duninution after the exploſion was 00 
1.5 5 and that after the waſhing in lime water to 
0.65 of a meaſure; fo that there had been a gene- 
ration of 0.9 of a meaſure of fixed air. In another 
experiment the firſt diminution was to 1.6, and 
the ſecond 0.66, ſo that 0.94 of a meaſure of fixed 
air had been produced. And laſtly, in another 
proceſs, the firſt diminution was to 1. 6, and the 
ſecond to o. 6 of a meaſure; ſo that there was a 
RT of one complete meaſure of fired air, 
and 
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and-this. yas a clear b "is conld/ not have 
been camtaine in 2 combined -ftate, as I at firſt 


muſt have been much. heavier than 1 had ever 
found it to be; ſor, though I found: the ſpecific 
gravity of it 10 be ſomething different at diffetent 
times (and the preceding experiments were made 
with the air of different proceſſes) I had never 
found that forty ounce meaſures of this air was 
more than two neee enen 
er air. | 
This, indeed, is a . 8 
reſpect to a ſpecies of inflammable air, as it does 
not appear by the teft of lime water to contain 
any fixed air; but it ought to have weighed more 
than one half heavier than common air, to have 
actually contained in combination all the fixed air 
that I found aſter its exploſion with the dephlo- 
mable air, of about the ſame ſpecific gravity with 
common air (which is the caſe with that ſpecies 
of it which. I am now conſidering). yield fo: much 
as ſeven tenths of its bulk of fixed air, in confſe- 
quence of its explofion with. dephlogiſticated air, 
it is a proof that at leaſt part of that fixed air wes 
generated in the. proceſs, becauſe. ſeven tenths-of 
ſuch fixed air would weigh more than the * 
nnn | N 


1 12 Inflarn- 


imagined, in the inflammable air; ſince then it 
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-  Inflaaraable air from ſpirit of wine (made by 
e vapour through a red hot earthen 
tube) being analized in the manner above-men- 
tioned, one meafure of it, and one of the ſame 
dephlogiſticated air that was uſed. in the former 
experiment, were reduced to one meaſure, and by 
waſhing: in lime water to 0.6. of a meaſure; ſo 
that four tenths of its bulk of fixed air had been 
generated in the proceſs. The ſtandard of the re- 

ſiduum was 1.7; ſa that the dephlogiſticated air 
had been injured much more than in either of the 
former proceſſes, and e it . have 
contained more phlogiſton. 

] found conſiderable variations in the! n 
with this, as well as with ſome other kinds of in- 
flammable air. For, in another proceſs, in which 
the earthen tube had been filled with bits of cruci- 
bles (in order to expoſe more red ſurface; to the va- 
pour of the ſpirit of wine) the firſt diminution” was 
10 1.6, the ſecond to 1.4; and the ſtandard of the 
reſiduum was 1.84. In another proceſs with this 
kind of air, the firſt diminution was to 1.2, and the 
ſecond to 0.9. | 

Having procured a quantity of inflainmable air, 
by tranſmitting ſteam over red hot platina, I ana- 
lzed it in the ſame manner, and found that the two 
meaſures were reduced by the exploſion to 0.72. It 
contained no fixed air, and the refiduum was of the | 
ſtandard of 0.9, 


| Lniflam 
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laflammable air, procured by making flea pals 7 


over melted brimſtone, being examined in the fame 


manner, the firſt diminution was to 0.6, and no fixed 
air was found in it. In this reſpe& it feems to have 


been the ſame thing with inflammable air from iron, 


but the ſtandard. of the reſiduum was 0.95 ; fo that 
it ſeems to have contained more phlogiſton. But as 
the quantity of this air was not great, = PE 
contained a mixture of other air. 

Inflammable air procured in the ſame manner 
from melted arſenic, appeared to be very different 
from that which was extracted from brimſtone. For 
the two meaſures were reduced by the exploſion to 
1. 15, and by waſhing with lime water, to 0.95; fo 


that one fifth of its bulk of fixed e eee e 4 FIN 


rated. The ſtandard of the reſiduum was 0.82. 
At the ſame tune I examined ſome ta | 
air, that had been made by heating bits of crucibles 


in alkaline air, and found that the two meafures were 


reduced by the exploſion to 0.96 of a meaſure, that 

che reſiduum contained no fixed air, andy was of ow | 
ſetandard of o. 8. 

The inflammable air that is made . by 
tranſmitting the vapour of it through a red hot 
earthen tube, very much reſembles that which is got 
from ſpirit of wine. The two meaſures were reduced 
by the exploſion to 1.36, and by waſhing in water to 
1.2; ſo that 0.16 of a meaſure of fixed air had been 
Rs and the reſiduum was of che ſtandard of 1.9. 

- 7, "2 *." "HR: 
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 Jnflammable air procured by. tranſmitting fteam 
over red hot charcoal of metals, in the ſame manner 
| as it is got from other charcoal, produces a confi. 
derable quantity of fixed air. For when the expe- 
riment was made with this air, the firſt dimunition 
was to 1.12, and the fecond to 0:8; fo. that o. 32 of 
a meaſure of fixed air was generated, and the 
ſtandard of the reſiduum was 1.9. This analyſis 
was of the firſt portion that came in the proceſs. 
The ſecond was ſomething different. For with 
this, the firſt dimunition was to 1.0, and the ſecond 
to 0.7 5, the reſiduum being the fare as before, viz, 
1. 9. Thirty ounce meaſures of this air weighed 
eight grains leſs than an equal bulk of common air. 

- Analizing the inflammable air from coak, or the 
charcoal of pitcoal produced by ſteam, the firſt 
ditnination was to 1.15, and the ſecond to 0.95; ſo 
that one fifth of its bulk of fixed air was generated, 
The ſtandard of the reſiduum was 1.9. But I muſt 
obſerve, that the dephlogiſticated air with which 
this experiment was made, was ſo impure as hardly 
to deſerve the name. For two meaſures of nitrous 
air and one of this, occupied the ſpace of two 
meaſures. But this circumſtance may not affect 
the quantity of fixed air generated in the proceſs, 
Thirty ounce meaſures of this air weighed ten 
grains leſs than an equal bulk of common air. 
| Analizing the inflammable air that was produced 
A firſt 


diminu- 
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dämimution was to 1. and the ſecond to 163 ſo 
that only one tenth of fixed air was produced. The 
reſiduum was of the ftandard of 1.9. Thirty ounce 
meakures of this air weaned exght grame ban. 
equal bulk of common air.. 
rr 
paſs over Meltenl meräk, inflamunable air was pro- 
duced from it juſt as if no metals had been concerned; 
but when I examined the air that was-procured in 
this manner, it did not appear to be quite the fame 
Analyzing the air that was produced in à proceſs 
with copper, the firft diminution was to 1.7, the 
ſecond to 1.56, and the ſtandard of the reſiduum 
was 1.79. Thirty ounce meaſures of this air 
weighed ſeven grains leſs —_— an 8 bulk. of 
common air. 

In another proceſs with W Air, pro- 
cured 1 in this manner, the firſt. diminution. was to 
1.55, the ſecond to 1.48, and the reſiduum was 
of the ſtandard of 1.86. Thirty ounce' meaſures 
of this air weighed eight grains and a half leſs than 
an equal bulk of common air. This air, it is ob- 
other, and it was alſo ſpecifically lighter than it. 

When this proceſs was made with the air pro- 
cured by tranſmitting vapour of ſpirit of wine over 
melted filver, the firſt diminution was t&\, 1-9, the 


"A | , : * 
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ſecond-to. 1.78, and the ſtandard of the-reſiduunt 
was 1. g. Thirty ounce meaſures of this air weighed 
ee HIS HANES Ig of comet; 
air. ths 294. 26 
In the ee by dn beck 
from lead, the firſt diminution was to 1.78, the ſe- 
_— __ Mp e c X relxduom Was 
4.78. | 
I <a at ** . tune, inflanimalile air 
- procured from Bones, and alſo from charcoal, viz. | 
by tranſmitting ſteam over them when / they were 
red hot in earthen tubes, after all air had been pre- 
viouſly - expelled from them by heat. With the 
former, the firſt diminution. was to 0.67, and the 
ſecond to 0.58 ; ſo that the fixed air p was / 
extremely inconſiderable, viz. only 0.09 of an 
ounce meaſure, The ſtandard of the reſiduum 
was 1.4). In the experiment wich the air from 
charcoal, the firſt diminution was to 1.5, and the 
ſecond to 0.74; fo that the fixed air was 0.76, 
and the ſtandard of the reſiduum was 1.7. From 
this experiment it may be. inferred, as mentioned 
before, that inflammable air from bones, is a kind 
of medium between that from metals, and that from 
chareoal. In another proceſs with air from chars 
coal, the firſt diminution was to 0.82, and the 
| ſecond to 0.63, and we ſtandard of the reſiduum 
Was 1.37. 
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I made the following experiment to aſcertain 
how much phlogiſton is contained in inflammable 
air from charcoal. In five vunce meaſures, of this 
kind of air, 1 revived lead from maſſicot till it 
was reduced. to three fourths of an ounce. meaſure, 
when the lead -revived weighed ten grains, and 
there remained one ounce meaſure of fixed air. 
But the minium icſelf yielded a little fixed air. 
It is obſetvable, that when wood is heated in 
an earthen retort, the -firſt air that comes over is 
conliderably different from that which comes in 
the middle, or at the end of the proceſs. Indeed 
he properties of it are continually changing during 
the whole proces. The firſt portion hurns with 
and towards the end of the proceſs it is conſiderably 
exploſiye, almoſt like air from iron. Alſo the air 
that comes oyer firſt is very turbid, owing per- 
haps, to oily, and other matters, DEE; ee 
volatile by heat. | 9 
| Having procured-air from dry bearh Wand I 
examined, in the method deſcribed above, the firſt 
portion of it, and alſo one of the middle ones. 
The former J found to contain four tenths and a 
half of its-bulk of uncombined fixed air, the ſecond 
portion only two tenths... Ae it is well 
Vor. I, | Y known 
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nne 


have any uncombined fixed air in k. 


. 


the uncombined fixed air had been ſeparated from 


it, the firſt diminution was to 1,36, and the ſecond 
to 0.5; ſo that 0.46 of a meaſure of fixed air was 


1 


When the ſecond portion was examined, 


rr 
rated from it, the firſt diminution was to 1.66, 


and the ſecond to 1.46; ſo that the fixed air gene- 
rated in the proceſs, was 0,2 of a meaſure, that 
is, leſs than in the former experiment, and in nearly 
the ſame proportion as the uncombined fixed air 
had been. The ftandard of the reſiduum in this 
laſt caſe was 1,15: At the fame time, repeating 
the experiment with the ſame dephlogiſticated air 
and inflammable air from jrop, the diminution af- 


ter the exploſion was to 0. 55, and the ſtandard 


of the reſiduum was 1,48, which is the uſual reſult 
of the decompoſition of inflammable and dephlo- 


by the decompoſition of ſome inflammable air ex- 
tracted from ſome rich mould in a gun barrel, 


1 
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Ie honed; e ce Min Mt 
peculiarly offenſive ſmell, the ſame, as he obſerves 
to me, that is yielded by air procured from putrid 
vegetables. Of this air one twentieth part is un- 

combined fixed air. When this was ſeparated 
from it, and the remainder decompoſed with de- 


and the ſecond to 0.67 ; ſo that there was à gene- 
ration of 0.73 of a meaſure of fixed air, The 
reſiduum was of the ſtandard of 0.6, - 

The inflammable air that js procured from, cg 
iron has a peculiarly offenſive ſmell, On this ac- 
count I had imagined that it might contain more 
phlogiſton than common inflammable air, ſo as to 
abſorb more dephlogiſticated air than the other, 
But this did not appear to be the fact. For when 
I mixed one meaſure of each of the kinds of in- 
flammable air with four meaſures of common air, 


Sam afer.. the! raplaſion,; 50" che; arp 
fame with both, viz. to 1.56. | 


Though-L think u u be. Welden, Gam 


the preceding experiments, that part at leaſt of the 


fixed air which is found on the decompoſition of 
lambent inflammable air is generated in the proceſs; 


yet, in another experiment that I made, it ſhould 


ſeem that fixed air, or the elements, as we may 
ſay, of fixed air, may enter into the compoſition 
Fi Y 2 of 


1 
/ 


phlogiſticated air, the firſt diminution was to 1.4, 
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of antiable air, and actually remain there, with; f 
out being diſcoverable by lime water. 
I took a quantity of faked lime, which had been 

long kept cloſe corked in a hottle, and found that 
when it was heated in an earthen retort, it gave 
air, of which one fifth was for the moſt part fixed 
air; but in the gun barrel the Tame lime yielded 
no fixed air at all, but a great quantity of pure in- 
flammable air, of the exploſive kind, like that 
which is got from iron alone with water. That 
the water in flaked lime will enable the iron of 
the gun barrel ts yield inflammable air cannot be 
queſtioned, but then what became of the fixed 
air which the fame lime would have mr in an 
ann retort? | 


This experiment appearing rather exxoiditury) 
I repeated it with all the attention J could give to 
it, and had the following reſult 1 heated three 
ounces of ſlacked lime (but which had been ſome 
time expoſed to the open air) in an earthen tube, 
and got from it fourteen” ounce meaſures of air, 
of which only two meaſures and a half remained 
unabſorbed by water, all the reſt being fixed air. 
This reſiduum was ſlightly inflammable, but not 
perfectly Phlogiſticated. For, examining it wich 
| 1 ren e er the ſtandard of it was s 1.6; 


w 


* Fs, Imme- 
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_ c:tamediately, after this I heated another three 
ounces of the ſame ſlaked lime in a gun barrel, 
arid; got from it about twenty ounce meaſures of 
Air, of which no part was fixed air, but all inflam- 

mable. I expected, however, to have found fixed 
air on the decompoſition of this inflammable air 
with dephlogiſticated air; but after this Proceſs it 
appeared to be exactly ſuch inflammable air as is 
procured from metals by the mineral acids, or 
rather by ſteam: For the diminution of the two 
kinds of air was the lame; and though there was 
ſome appearance of fixed air in the reſiduum, it 
was not ſo much as is found after the decompoſi- 

tion of the inflammable air that is procured by 
means of ſpirit of ſalt. In this caſe, therefore, 
there are no leſs than eleven ounce meaſures and a half 
of fixed air abſolutely unaccounted for, unleſs it 
be ſuppoſed that it Was reſolved. into its 5 
principles, phlogiſton, or dephlogiſticaed air, and 


chat the latter was decompoſed as it was produced. 


B therefore, I think muſt have been the caſe. 
Thinking that the two kinds of air might i incor- 
pro: when one of them was generated within the 
other, I filled a gun barrel preyioully full of mer- 
cury with fixed air, and put the, cloſed part of it 
into a hot fire. Inflammable air was accordingly 


produced, but air was ſeparated : 


T3 | | from 


LS 
1 
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from it it exploded juſt like N 
iron only. 
I made an experiment ſomething fimilar mt 
by heating iron turnings in five ounce meaſures of 
fixed air, when the quantity of it was increaſed 
about one ounce meaſure, and there remained one 
ounce meaſure and three fourths unabſorbed by 
water. This was inflammable, and burned with 
a lambent blue flame, not like inflammable air 
from iron. It ſhould ſeem, therefore, that in this 
iment, tliree fourths of an ounce meaſure of 
inflammable air had been formed by the union of 
the fixed air with the phlogiſton from the iron. 
This experiment I repeated with the ſame reſult, 
and I farther obſerved, that though the inflamma- 
ble air procured in this manner did not appear, by 
the teſt of lime water, to contain any fixed air, 
yet when it was decompoſed, by being fired toge- 
ther with an equal quantity of dephlogiſticated air, 
fixed air was found in the reſiduum. For the firſt 
diminution was to 1.45, and one third of this re- 
ſiduum was fixed air. From this fact it ſhould 
ſeem that, though in ſome cafes, fixed air muſt be 
generated by the decompoſition of inflammable and 
dephlogiſticated air, yet that inflammble air, when 
_ thus produced in contact with fixed air, may com- 
1 it, ſo as to be properly contained in it, 
1 ang 
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and in ſuch a manner, as that it cannot be diſcover- 
ed by lime water. 
neee that though 
no fixed air + IS of de- 
— mable air procured 
ae jl. quantity is 


than a fortieth „ 


Nr M Sd kg | 


air, when I decompoſed equal ** of the 
two kinds of air. 
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FACT 


or THE SOURCE OF NITROUS A8. 


S ETTION I. 
Of nitrous Air from Metals. 


* 


VER fince I firſt read Dr. Hales's moſt excellent 
Statical Eſſays, I was particularly ſtruck with 

that experiment of his, of which an account is given, 
Vor. I. p. 224, and Vol. II. p. 280, in which 
common air, and air generated from the Walton 
pyrites, by ſpirit of nitre, made a turbid red mix- 
ture, es ES 
ſorbed ; 
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ſorbed; but I. never expected to have the ſatisſac- 
it to be peculiar to that particular mineral. Hap- 
pening to mention tlus fubject to the Hon. Mt. Ca- 
vendiſh, when I was in London, in the ſpring of 
the year 177, he ſaid that he did not imagine but 
anſwer as well, and that probably the red appear- 
ance of the mixture depended upon the ſpirit of 
nitre only. This encouraged me to attend to the 
ſubject; and having no pyrites, I began with the 
ſolution of the different metals in ſpirit of nitre, and 
catching the air which was generated in the ſolution, 
1 poly found * 1 2 ne n 
Beginning wich the Sahni of braſs; on Feeney | 
of June 1772, I firſt found this remarkable ſpecies 
of air, only one effect of which was caſually obſerved 
by Dr. Hales; and he gave ſo little attention to it, 
and it has been ſo much unnoticed ſince his time, 
that, as far as I know, no name has been given to 
it. I therefore found myſelf, contrary to my firſt 
reſolution, under an abſolute neceſſity of giving a 
name to this kind of air myſelf. When I firſt be- 
gan to ſpeak and write of it to my friends, I hap- 
pened to diſtinguiſh it by the name of nitrous air, 
becauſe I ann 
only. | 
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— —— 
aaa ae Gabe 
tion of each of - theſe metals are various, but hardly 
worth mentioning, in treating of the properties of 
the air which they yield; which, from what metal 
| boerer ir is-extraQhed, hias, as far as I have. been able 
Ar Na 
Nitrous air is procured from all the proper me- 
tals lib ale except lead, and from all the 
ſemi · metals that I have tried, except zinc. For 
this purpoſe I have uſed biſmuth and nickel, with 
ſpirit of r — 
platina, with aqua regia. | 

. to-adteitain PR e 
r 
_ mil the metals which yield it; but the few abſerva- 
. ͤ pognfGubkoteje | 
dn a6 plecs i: url oa o 
N Pay | he a 
6 0 of ver yielded: — 
6 191 of quickſilver. Ld Docket a 43 
21 of copper 1444 57.2 
nne of braſs 21 1 2. 
0 20 of iron Vd GN ia 1 #þ 

1 

o 


5 of biſmuth 6 1 
12 of nickel 4 | 


Self. J. NITROUS ATR” ”n 
Having, at another time, diſſolved filver, copper; | 
and iron, in equal quantities of ſpirit of nitre diluted 
with water, 'the quantities of nitrous air produced 
from them were in the following proportion; from 
iron 8, from copper 64, from ſilver 6. In about 
the ſame. proportion alſo it was neceſſary to mix wa- 
ter with the ſpirit of nitre in each caſe, in order to 
ſilver requiring the leaſt water, and iron the moſt. 
That iron contains more phlogiſton than copper; 
is probable from the much greater quantity of nitrous 
air that it yields. At one tirne I ſound that two 
penny-weights. of iron diſſalved in ſpirit of nitre 
diluted with rain- water, Neided forty five ouncre 
meaſures of nitrous air; when the fame quantity of - 
PRC AP treated 1 in —_"_— manner, ee 
an chat! — een een 
ſolving lead in ſpirit of nitre. I aſterwards, how 
ever, made another attempt of this kind, and with 
à little better ſucceſs. I poured ſmoking ſpitit of 
nitre into a phial with a graund-ſtopper: and tube, 
containing one ounce, meaſure and à half, filled: with 
{mall leaden ſhot, fo as to leave no common air 3 
all, either in the phial or in the tube and I placed it fg 
as to receive the air that might. come from it in water, 
Aſter waiting an hour, in which little or no air 
was produced, I applied the flame of a .candls 
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though not very near to it, and in cheſe circuim- 


ſtances I got about an ounce meaſure of air; but 
upon ſome water ruſhing into the phial, while the 
candle was withdrawn, air was produced very plen- 
tiſully. I collected, in all, about a quarter of a 
pint, and might probably have got much more; 
but that the ſalt formed by the ſolution of the lead 


had ſo nearly, cloſed-up the tube, that I thought pro- 
per to diſcontinue the proceſs. The air, both of 
the firſt and of the laſt produce, was of the ſame 
quality, and ſo far nitrous, that two meaſures of 


common air, and one of this, occupied the ſpace of 


two meaſures only; excepting that the very firſt and 
very laſt produce, mixed with common air, took up 


a little more room than that which I got in the mid- 


dle of the proceſs. When the air was produced 
very faſt, it was e ge as if it had 


fllled with a white powder. 


I have generally found it . convenient to 2 


— from copper, on account of the pretty 


eqquable ſolution of that metal in the nitrous acid. 


I iron be made uſe of, the proceſs is much more 


diſnictilt, the increaſe of heat, and other circum- 


ſtances, making a very. great difference in the ra- 
pidity of the ſolution; ſo that very oſten, when the 


efferveſcence is very moderate at the beginning, it 


vill be ſo violent after. a ſhort time, that the greateſt 


pike of che acid will be thrawn out of the phial, 


* — 0143 4 and. 
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and conſequently the effect of it will be El. This 
difficulty, however, only attends the pouring of 4 
, diluted ſpirit of nitre upon a quantity of nails, or 
other ſmall pieces of iron, in order to effect a com- 
plete ſaturation of the acid that is made uſe of at one 


= time, which I have found to be the moſt convenient 


n the whole. If thicker pieces of iron be put 
to the acid, by which means the quantity of ſur- 
face- expoſed to its action is not conſiderable, the 
produce of air may be made pretty regular; but 
J have not, upon the whole, found this method 0 Sp 
convenient as the other. 3 

Having ſometimes, however, ed nitrous 
air from iron by this proceſs, T have noted ſome cir- 
. cumſtances attending this ſolution, which, becauſe 
they are a little remarkable, I ſhall here recite, 
When I put a thick piece of iron into a quantity of 
very ſtrong ſpirit of nitre, it was not at all affected 
by it : but by the application of a boiling heat it 
yielded nitrous air, about ten times the bulk of the 
acid. When a quantity of water was poured upon 
the ſpirit of nitre and iron, it became of a beautiful 
green or blue colour, and no motion was perceived 
in it for about a minute, when it burſt out all at once 
into the moſt violent efferveſcence imaginable, and 
a prodigious quantity of nitrous air was inſtantly 
produced. It will be evident from ſubſequent EX 
periments, that a certain proportan of water is ne- 
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ceſſary to che conſtitution of nitrous te, and there- * 
fare the diluted acid is more proper for this purpoſe. 
Mr. Delaval was ſo obliging as to inform me that 


2 vegetables, as galls, the peruvian bart, 


and green tea, diſſolve with peculiar rapidity in the 
nitrous acid, in a manner not unlike the ſolution of 


ſeveral of the metals in the ſame acid; and that a 


great quantity of air is generated in the proceſs. I 
immediately made the experiment with galls, and 
was really ſurprized at the effect. The ſolution 


Was, indeed, aſtoniſhingly rapid; but the quantity 


of air produced by it was not, ſeemingly, greater 
than would have been yielded by the fame bulk of 
any other vegetable ſubſtance, diſſolved in the ſame 
acid, with more heat. The air was alſo of the ſame 
quality with that which is yielded by moſt vegetable 
ſubſtances. In this caſe, more than half of it 
was fixed air, making lime water turbid, and 


the reſiduum was fo far nitrous, that two mea- 


ſures of common air and one of this, n the 
ann a half. 
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1748 no ſooner / in poſſeſſion Gente dee, 
than I ſaw opened to me an entire new field 
for experiments, by means of à rapid ſolution of 
biſmuth in ſpirit of nitre, of which à fuller account 
will be given under the article of nitrous acid. - _ 


Three methods preſently occurred to me of ap- 


plying this nitrous vapour, in order to form com- 
binations with other ſubſtances, by which means 
only its proper e could 


be diſcovered. . One was, to put the ſubſtance int 


a clean phial, and then to throw a ſtream of the va- 
Pour upon it, Another was, firſt to fill the phial 
with the yapour, by which method the quantity of it 
| might be, in ſome meaſure, aſcertained, and then 
to introduce the ſubſtance to it at the mouth of che 
Laſtly, if the ſubſtance was fluid, I could 
plunge the tube, through. which the vapour was 
tranſmitted, as deep as I pleaſed into it, and there- 


by diffuſe the vapour through the whole body of it. 


TI * an, I had 
recourſe 
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recourſe to, though ſaon afterwards I applied the 
firſt, and not long after that the third. And as I 
could not well produce this acid vapour at all with- 
out generating enough to fill a great number of 
phials, I generally placed fix, eight, or ten of them 
in a row, filling them with the vapour one after 
another, and ſometimes ſupplying them all ſeveral 


times in the courſe of one proceſs. 


The firſt experiment that I made with water, 
was to pour a ſmall quantity of it into a phial filled 
with this vapour; when, ſhaking it about, it be- 
came, as would eafily be ſuppoſed, genuine * 
of nitre; but it was weak and colourleſs. 

Aſter this, I threw a fiream of the vapour upon 
a ſmall quantity « of diſtilled water, in a large phial, 
ſhaking it now and then, to promote the abſorption 


of the vapour; when J obſerved that the water 


preſently became warm, then began to ſparkle 
very much, air iſſuing from all parts of it very 
copioully ; in after this it aſſumed a light blue 
colour; in which ſtage of the proceſs; it was, I 
doubt not, the very fame” thing that Mr. Woulſe 
had found by impregnating water with the ſuper- 

t nitrous vapour, in his method of diſtil- 
ling ſpirit of nitre. But, whereas he ſays his blue 
Iquor continued blue, 1 found that mine preſently | 


Toft its colour on being N e N 


egpitring a copious red fume, 
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Finding that, in this manner of impregnating 
water, I ſoon gained the point of ſaturation, by as 
much of the vapour eſcaping as I could readily 
throw into it, I contrived to impregnate the water 
more effectually, in the following manner. I got a 
veſſel, J, fig. 2, Pl. V. in the form of a phial with 
à ground ſtopper, and two holes in the bottom; 
which, however, was to be placed uppermoſt when 

it was uſed. To one of theſe holes was fitted, by 
grinding, a glaſs ſyphon, one end of which was fitted 
in the ſame manner to the long phial in which the 
ſolution of the metal for the production of the va- 
pour was made, while the other end of it went to 
the bottom of the veſſel above mentioned, and 
which contained the water; ſo that whatever va- 
pour was brought into the veſſel by it, muſt neceſ- 
ſarily paſs through the whole body of the water; 
and to the other hole in. this veſſel there was fitted, 
by grinding alſo, the end of a bent tube, which con- 
veyed the ſuperfluous air, or vapour, into a com- 
mon recipient. But ſometimes I had ſeveral of 
theſe veſſels connected together, as repreſented, 
fig..3, ſo that the air and vapour diſcharged | 
from the ' firſt of them muſt neceſſarily paſs 
through the water in the next, and that which was 
2 Mahn muſt paſs aug the water in 
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Making the experiment in this more accurate 
manner,” ſo that the water had an opportunity of 
becoming thoroughly impregnated, I made the fol- 
lowing obſervations. The water, after becoming 
warm, began, as before, to ſparkle, and emit air; 
after which it became vue, ſtill continuing to give 


air in woch greater plerity chen before. Aﬀer this. | 


the water became green, about which time the emiſ- 


 Honof air ceaſed; and laſtly, after the green colour 
had deepened very much, ſo as to appear almoſt 


black, when viewed in the ſame direction with the 


light that fell upon it, a yellowiſh tinge was perceived 
to be diffaſed through the green colour; and this 


was the laft ſtate to which I could bring the water 


by this impregnation. 

| 1 alfo obſerved that, about the time that the was 
ter in the firſt of theſe veſſels became blue, that in 
the next began to ſparkle ; and when the water in 
the firſt turned green, which was probably effected 
in no other way than by the mixture of the yellow 


(which diſtinctly appeared afterwards) with the 


preceding blue, the water in the next veſſel be- 


came blue, and that in die following cn ande. 


&c. 

One of the moſt extraordinary circurnſtances in 
this whole proceſs, is the production of air from 
the water in the two firſt ſtages of it, viz. while tt 
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cores green. At firſt I concluded that this - was 
phlogiſticated air; this kind of air having been the 
produce of a ſimmlar pirogels for the impregnation of 
oil with the nitrous vapour. But having filled 4 
phial with this water, at the ' tinge that it was diſ- 
inverted in a bafan-of the ſame, I preſently get a 
confiderable quantity of it, and {found it to be all 
pure nitrous air, poſſeſſed of the peguliar ,proper-- 


dies of that kind of air in as great a degree as any 


whatever, and thes it n no Portion of So 
air,” 

The quantity of nitrous air 3 in this man- 
ner is very extraordinary. When I filled a Phial 
with the water in the ſtate of emitting air, and in- 
verted it in a baſon of water, it preſently almoſt filled 
jr, expelling the water. But when I filled a phial 
with a ground ſtopper and tube with the water, and 
caught all the air that came from it, with and with- 
out heat, 1 got at one time more than ten times De 


bulk of the water, all pure nitrous air; 


This will appear the more extraordinary, if it be 
conſidered, that water cannot be made to imbibe 


more than about one tenth of its bulk of nitrous air. 


The production of it in this caſe, therefore, is quite 
another thing, and muſt have a different cauſe ; 


though, had the quantity of it been ſmall, it might 


1 have 


1 


It 18 not 
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air might 


nitrous 


— 


* 
r 
4 


in thin phials, it will endan- 
ger the breaking of them; and the ground ſtoppers 


r for a day or two; ſo that 


improbable, but that it may, from firſt to laſt, yield 
fifteen or twenty times its bulk. On this account, 


e to emit ai 
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is this. diſcharge of nitrous. air, that if 


the impregnated water be left to itſelf, it will con- 


. 
b, 


of ſtrong phials have often been thrown out by i ' 


* „ 
a N hs 
o bs > ' 
* 
. 
' * 
* 
— 
- 
. 
wo 
* 
A 


biſmuth having impregnated the water, as, in 


have been imagined; that the ni 
have come fromthat ſolution. 


- So @ 


if this water be confined 


34d 


degree, it neceſſarily muſt, this 
tirfu 
im 


— 


£ 1 2 _— — — — — — — n 

— Sd K 1 * 

— — —— — — — ——ů—ů — TDD A ——— 
: — — I — 5 ERIE — — = 


* * 
— - % 4 Go 8 — — * 
— — 5 — 


— — — — 


. Bn ot — —_ 2 = Gy CO — —— . A N 
— : ; = 2 IT; Lo” = OY — — —— 3 — ſn * - 
9 — — 3 — Eat 3 A rr 


if 8:82. III. - - INITROVYS AIR». 341 


* * , 
. 
4 * " p 17 1 5 of * x 22 - 5 * 
$1 . # g * a . F 1 * - : 
5 5 EY 


7 
1. 


SECTION, ut. 


? 
— 


; of the ne So of - — Ar 55 es 


converting che Acid into Vapour, | 


AVING ed the mathe production 


* of nitrous air from water impregnated with 
nitrous vapour, in the following experiment I more 
accurately compared the quantity of nitrous air pro- 


duced by pouring the impregnated water upon cop- - 


per, with the quantity produced by an equa] quantity 


of ſpirit of nitre and copper, without impregnating 
water with the N that the acid would have 
yielded. 

Haring diſſolved a quantity of 3 in a a given 
quantity of ſpirit. of nitre, and having made the 
vapour which was raiſed by the ſolution paſs through 
a quantity of water, I poured this water on, ſome 
clippings of copper, in a Phial with a ground ſtop - 
per and tube, and found that it yielded one ſixteenth 
more nitrous air. than the ſame quantity of nitrous 
acid diluted with water, and applied to the copper 
in the ſame manner, would yield ; the heat of a 


candle being applied in both theſe caſes till no more 
air could be procured. No allowance alſo Was 


733§˙³˙ K 
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made for a conſiderable quantity of red vapour which 
was loſt in decanting the water, or for that which 

remained in the large phial in which the ſolution 
was made, or for the acid that v was united with the 
biſmuth in the ſolution, The air yielded by the 
impregnated water and copper was thirteen ounee 
meaſures, ' and the ſolution of the biſinuth uſed in 
this experiment being diluted with water, and then 
poured upon the copper, yielded fix ounce tneafires 
and a half, which alone is more than half as much 

as the original quantity of the acid yielded. Upon 
the whole, therefore, ſpirit of nitre, uſed in this 
manner, may b be made to yield, by means of copper, 
one half more nitrous air than can be Procured by. ie 
when applied i in the uſual Way. 

For my greater ſatisfaction, I alſo repeated an 
experiment ſimilar to the former, with water im- 
pregnated with nitrous vapour, in the proceſs for 
making dephlogiſticated air from ſpitit of nitre and 
red lead, and the reſult was as follows. Having 
put ſix penny weights of ſtrong ſpirit of nitre upon 
a quantity of red lead, and heating the mixture in 
a gun barrel, I made all the air, together with the 

redundant acid, paſs through a quantity of water; 
and found that the water, pouted upon copper, would 
have yielded fourteen ounce meaſures of nitrous air, 
(a part of the water having produced nitrous air in 
that Fn to the whole) but the fame quantity 
of 


Seck. III. -- *NIPROVS/ AIR. Ts 343 


of the acid, even with the aſſiſtance of heat, yielded 
only abouteleven ounce meaſures and a hal. 
I alſd {mixed with three gunces of red lead as much 
ſpirit of nitre as occupied the ſpace of eight penny- 
weights of water, when the produce was forty 
ounce meaſures of air, of which about five ounce 
meaſures: was fixed air. The water through. which, 
it had paſſed in the veſſel No. a, PL, V. aſter 
making all proper allowances, and uſing; a variety 


of precautions in applying it to the copper, tog 


minute to be. mentioned here, I judged to produes 
in all twenty four ounce meaſures of nitrous- air, | 
which I found to be clearly om 
| duanti of this acid would have yielded... .. 

: The; above-mentioned — 4 
before I had much ſuſpicion of the great difference 
in the produce of nitrous air occaGoned by the ap- 


plication. of beat, which is ſometimes very con- 


{iderable, and by no means in the ſame. proportion 
in all caſes; ſome. kinds of the acid yielding ab- 
moſt. the whole produce without external heat, 
and other kinds hardly more chan one hal. I 
therefore thought it neceſſary. to go. over this pro- 
ceſs, once ore with a view to this circumſtance, 
and the reſult was ſtill the fame as before, the 
water through which the generated air had paſſed 
Producing mere nie air chan the whale quan- 

; | S4. -- tity 
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tity of the acid II in * N 
* n 
The quantity of acid which I uſed at this time 
occupied the ſpace of four pennyweights of water, 
and when applied to copper J could not, with any 
application of heat, make it yield more than twelve 
ounce meaſures and a half. But when the ſame 
quantity of this acid had been mixed with red lead, 
which was afterwards put into a gun barrel, and had 
been made to yield all the air that could be extract- 
ed from it, one ſeventh part of the water through 
vhich the air had paſſed produced two ounce mea- 
fures of nitrous air; ſo that the whole quantity 
would have been fourteen ounce meaſures; and 
this was after the water had been decanted firſt 
from the veſſel repreſented fig. 2, into another 
| phial, and ſome time afterwards, from that into the 
ſmall phial containing the copper. And it ſhould | 
be conſidered, that after this proceſs (if it be con- 
tinued till the water begin to emit air, a circum- 
ſtance of which an account will be given hereaſter) 
it is ſo exceedingly volatile, that it is not poſſible 
to pour the water from one veſſel to another with- 
out the diſcharge of very copious red fumes, in 
which a good deal of the acid muſt be loſt. There 
muſt alſo be ſome loſs of that nitrous air which is 
emitted by the water itſelf; and J doubt not that 
* | | the 


* 
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— ehes IETE. 
experiments is from this ſource, viz. that hic, 


is ſupplied from the water, in - conſequence of the 
impregnation with nitrous vapour. » Whereas when 


the acid is much dephlogiſticated, a great part of 


it becomes combined with the menſtruum, and 
therefore has no effect in producing nitrous; air. . 


I hardly remember any thing, in the whole 


courſe of my experimenting, that appeared more 


extraordinary than this. It ſeemed/ as if there 


was an increaſe, inſtead of any loſs of acid, aſter 


part of it muſt have been employed in forming 
dhe air, and part alſo had been neceſſarily lot in 
menen 88 121 

I conſulted ſeveral: of my chene indeed 


this ſubject; but they were all of them as much 


— — S 


at a loſs to account forthe fact as myſelt. 
That the giving of nitrous air depends upon 


phlogiſton, is evident from the phenomena which 


attend the ſolution of iron in phlogiſticated and 
dephlogiſticated acids. Pouring a ſmall quantity 


of phlogiſticated nitrous acid into a large quantity 


of water, which had iron wire in it; it preſentiy be- 
came of a dark colour; but this was ſoon preci- 


pitated, and the ſolution aſſumed a lighter colour. 


I then poured off the ſolution, which was of a ſlight 
brown colour, and pouting into it more phlogiſti- 


cated 


4 
2 
= E 


— 
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cated nitrous acid, it er eee 
dark colour, and emitted air copiouſly.' : „ 
On. examination it appeared be oog nitrous 
air. Aſter the emiſſion of this air, the dark colour 
diſappeared. Theſe phenomena, therefore, exactly 
reſembled thoſe of a ſolution of green vitriol, which 
aſſumes à dark colour hy imbibing nitrous air, 
and becomes clear again by the expulſion of it. 
The dark green ſpirit of nitre ren 
as the brown phlogiſticated acid, but then 
i Ugo ge e acid had-no-fuch effect. 155 
It is caſy to make a pretty ſtrong Shared 
iron in dephlogiſticated nitrous: acid that ſhall be 
green and give no air, if it be kept very cold 
during che proceſs. Nut if phlogiſticated nitrous 
acid be poured into the fotution, it preſently be- 
comes very black, and erits air. This blackneſs 
will fomietimes, if the nitrous acid be very volatile, 
go off almoſt immediately; but in all cafes it wilt 
do ſo is diu, and leave the liquor lke water, or 
with a flight tinge of yellou; owing probably to 
part of the ochre having eee r Air, n 
thereby tending to become red. I d 64h 
Nitrous air alſo admitted to a gk ß 
iron in nitrous acid immediately turns it n 
f Judi dawn f eras Re 
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nitrous acid Appel las « Alu- 
Pigs — makes it black. The 
green ſolution of iron in ſpirit of nitre, yields very 
lietle air by heat, and this is not nitrous air. When 
6::ß ; OO TEEN 
1 ett ; 
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0 os Prod of nitrous Ar by Mut 178 lhe 
h 39 - Eiſticated nitrous. Aad. 


HE, FEM that T have uſed to meafüre 
the ſtrength of different kinds of nitrous acid; 
has been to find the quantity of 'niwrous ar chat 
a given quantity of 'the acid would yield, when 
dilüted with equal quantities of water, from the 
fame quantity of copper. | Er HE Wb 


circumſtances be pretty rigorouſly attended to; ; for 
otherwiſe conſiderable miſtakes will be made. For 


in different circumſtances the produce of air from 
equal quantities of the fame acid will be confider- 
ably different. 1 ſhall here ſubjoin a few of my | 
obſervations of this kind, that the reader may be 
apprized of them, and alfo of the importance of 
attending to other differences of a ſimilar nature. 
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13 « fall phial, and'with a briſk efferveſcence, 


| hs quantity of four penny-weights of water of a 


ſtrong ſpirit of nitre produced ſixteen ounce mea- 


ſures of . nitrous air; whereas, in a large phial, 


diluted with more water, and conſequently with a 
leſs efferveſcence, the ſame quantity of the fame 
acid yielded only fourteen ounce meaſures of air. 
Alſo the quantity of copper (which was ſuch cut- 
tings as the braziers « commonly make) in the ſmall 


phial was about half as much as that in the large 


one. With. the ſame quantity of ſpirit of nitre in 
the large phial, and with - the application of the 
heat of a Bur I got fifteen ounce meaſtires of 
air. At another time the ſame quantity of the 
acid without heat has not yielded much e 

twelve ounce meaſures. __ 

I have frequently obſerved that, unleſs. the LE 
tity. of acid was, ſufficient to produce. a briſk Mr 
veſcence, the produce of air has been greatly de- 
ficient, the briſkneſs of the ie ca Fo 
a conſiderable heat, which is always, favourable to 
the ſolution of metals. But the application of equal 
degrees of heat will not make the produce of air 
equal, unleſs other circumſtances be attended to. 
Whenever I have compared the ſtrength of acids 
in this manner I have ſcrupulouſly attended, as * 
9 N to 1 theſe e Wk 


loured acid, , which che-colup Nairn 


. 5 
again from freſh nitre, and that which had been 
Phlogiſticated by heat in cloſe veſſels, 1 tried che 


bulks of them (all other circumſtances being the 
ſame) produced, and obſerved that a quantity of 
each oceupying the ſpace of two e 
enen of water r as qi viz. 


The original pale coloured acid, 14 n 
The colourleſs , 11 * | 
That rediſtilled from bitte, i 
That coloured by heat, „„ 


This highly ohlogiſticared acid ned very much 
hin eee The produce of air was 


more or leſs accelerated during the courſe of the 
ſolution in all of them, but maſt of all when I 
uſed the pale coloured acid. I muſt obſerve that, 


in making this colourleſs acid, I uſed more heat. agg 


than, was neceſſary, and therefore weakened it too 
much, though it is certainly impoſſible to expel 


the colouring phlogiſton without expelling, at the 
ſame time, the acid to which it is attached. I is 


I remarkable, that the phlogiſton, in this 
R. er- 
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particular” ſtate, ſhould attach itſelf wholly to one 
part of the acid only, though mixed with the reſt 
af che acid, combined alſo with phlogiſton, but in 
a different ſtate. Theſe experiments, however, 
ſufficiently demonſtrate this to be the caſe. 
© "It is' ſomething remarkable, that though a. great 
quantity of nitrous air is produced by the ſolution 
of copper in a diluted nitrous acid, no air at all is 
"procured by a ſolution of the fame metal in the 
ſtrong acid. There is not even any appearance 
df air being formed, and afterwards abſorbed by 
ene eee eee, ? 
"Having faturated a quantity of ſtrong ſpirit of 
nitre with copper, of which it diſſolves but a ſmall 
quantity, I diftilled it in a green glaſs retort. The 
firſt part of the acid that came over was orange 
coloured, from being of a deep green; but the 
laſt was quite tranſparent and weak. No air, that 
could perceive, was produced, but a tubulated 
receiver being made uſe of, a ſmall quantity could 
not be diſcovered. There was not water _ 


— 2 
— — * - y Ca n 
Tn — — - 
.. \-_ wk ” — 3 — 

a — 4 — 2 8 — 5 - * 
nm - — = —— — 1 
— — CI IEEE ; 5 — 
— — - — 2 q ” 


—— 


n 
i 
1 „ 
by, v1! 

1 ' 
l ' | 

i 1 j 

| WM F 
f * 

i | 
al | 
1 f 
l 1 
ot 5 


| to form nitrous air. 
| — 
43 0 5 , 
wo / f , 
"I k [ et 5 % 
k SEC. 
* 


Ken. .,  mwitROuS Al. $38 


We 


8 E C 7110 N V. RA 15 
Of an from don. N 


Bee deſirous of knowing what Kind of ur 

was produced by the exploſion of gunpowder, 
I, for that purpoſe, mixed equal quantities of ſul- 
phur and falt-petre, both finely poumded, and put 
chem into a tall glafs veſſel. The production of air 
was very rapid and copious, and fo highly nitrous, 
that two meaſures of common air, and one of this, 


vecupied the ſpace of two meafures and a quarter. 


Since the produce of air from fpirit of nitre and char- 
coal is the very fame with this, viz. nitrous air, 1 
cannot be doubted but that nitrous air is alſo pro- 
duced in the explofion of gunpowder, which is 
compoſed of thoſe ingredients; the ſpirit of nitre 
not being deſtroyed, or ſo far decompoſed as that 
its acid nature is loſt, bam en ene, 
poſition of this ſpecies of air. | 

Having got nitrous air from a mixture of falt- 
petre and fulphur, and atfo from fpirit of nitre 
and charcoal, I concluded that nitrous 'air mult be 
produced in the firing of gunpowder; and- it fa- 
vours this fuppoſition, that when I fired gunpowder 

3 | 
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in common air, the air was in part phlogiſticated by 
it. It is poſſible, however, that when the heat is 
applied very ſuddenly, the proper earth of the char- 
coal, and alſo that of the nitre itſelf may, in part, 
unite with the nitrous acid, and thereby compoſe a 
better kind of air than was produced in thoſe expe- 
riments, in which' the proceſs was ſlow, ſo that the 
ſpirit of nitre had an opportunity of ſaturating itſelf 
with the pblogiſton of the ſubſtances mixed with it, 
withous touching the pure earth, and therefore the 
produce was nitrous air only. 

I have been led to entertain this ſuſpicion in con- 

ſequence of being invited by Mr. Woulfe to examine 
the air that is produced in making clyſus of nitre, 
both with ſulphur and with charcoal; when, in 
both the caſes, I own, the air that was produced ap- 
peared to be conſiderably better than, from the ma- 
terials, and the manner of making the experiments, 
.T ſhould have imagined it could have been. There 
was, indeed, a conſiderable quantity of common air 
in every thing belonging to the apparatus, which 
was not conſtructed with any view to the produce 
of air; but the proceſs was continued ſo long, and 
the quantity of air produced was fo great, that I 
do not, in my own mind, make much allowance 
for that circumſtance. | 

It appeared that the air produced from the chte 
wee * contained one twelfth of fixed 

air, 
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r, making lime water turbid, and the remainder 
was phlogiſticated air, neither affecting common 
air, nor being affected by nitrous air, and extin- 
guiſhing a candle. And the air that was produced 
in the proceſs with charcoal, contained no more than 
one res of fixed air,: and the remainder, though 
it extinguiſhed a candle, was ſo little phlogiſticared, 
that two meaſures of it and one of nitrous air occu- 
pied 3 meaſures and a. 
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SECTION 1 


q nd a as the 7% of the Parit of he- 
ble Air. 


Ou of che moſt conſpicuous properties of 
this kind of air is the great diminution of 
any quantity of common air with which it is mix- 
ed, attended with a turbid red, or deep orange 
colour, and a conſiderable heat. The fmell of it, 
alſo, is very ſtrong, and remarkable, but very much 
reſembling that of ſmoking ſpirit of nitre. | 
The diminution of a mixture of this and common 
air is not an equal diminution of both the kinds, which 
is all that Dr. Hales ſuppoſed he had blink but of 
about one fourth of the common air, and W- 
. 
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GW 
effect; which, as I have found by many trials, is 
about one third as much as the original quantity 
of common air. For if one meaſure of nitrous 
air be put to two meaſures of common air, in a 
few minutes (by which time the efferveſcence will 
be over, and the mixture will have recovered its 
tranſparency) there will want about one ninth of 
the original two meaſures; and if both the kinds 
of air be very pure, the diminution will ſtill go 
on ſlowly, till in a day or two, there will remain 
only one fifth of the original quantity of common 
air. This farther diminution, by long ſtanding, - 
ae eee ee ee, Maes 
tion on this ſubject. to m4 
' I hardly know any experiment chat is, more 
adapted uo amaze und furprize. than this is, which 
exhibits a quantity of air, which, as it were, devours 
a quantity of another kind of air half as large as 
itſelf, and yet is ſo far from gaining any addition 
to its bulk, that it is conſiderably diminiſhed, by 
. Ib after this full ſaturation of common air with 
nitrous air, more nitrous air be put to it, it makes 
an addition equal to its on bulk, without pro- 
amen 
fect. 
| e whecher the water contributed: 
nne 
Aa 2 com- 
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common air, I made the whole proceſs ſeveral times 
in quickſilyer, uſing one third of nitrous, and two 
| thirds of common air, as before. In this- caſe the 
redneſs continued a very long time, and the dimi- 
nution was not ſo great as when the mixture had 
been made in water, there remaining one ſeventh 
more than the original quantity of common air. 
This mixture ſtood all night upon the quick- 
flver; and the next morning I obſerved that it 
was no farther diminiſhed upon the admiſſion ot 
water to it, nor by pouring it ſeveral times through 
the water, and letting it ſtand in water two days. 
Another mixture, Which had ſtood about ſix 


hours on the quickſilver, was diminiſhed a little 


more upon the admiſſion of water, but was never 
leſs than the original quantity of common air. In 
another cafe, however, in which the mixture had 
ſtood but a very ſhort time in quickſilyer, the far- 


ther diminution, which took place upon the ad- 


miſſion of water, was much more conſiderable; ſo 
that the diminution, upon the whole, was very 
nearly as great as if the proceſs had been intirely 


in Water. 


It is evident from theſe experiments, that the 
diminution is in part owing to the abſorption by 


the water; but that when. the mixture is kept a 


long time, in a ſituation in which chere is no 
A wm 
ſtitution, 
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ſtitution, by which + tema 
being abſorbed hy water, or rather, there is an 
addition to the quantity of air by Apa 
duced by the ſolution of the quicklilver. 

It is exceedingly remarkable that this efferveſ- 
cence and diminution, occaſioned by the mixture 
of nitrous air, is peculiar to common air, or air ft 
far reſpiration; and, as far as I can judge from 4 
great number of obſervations, is at leaſt very near- - 
ly, if not exactly, in proportion to its fitneſs for 
this purpoſe; ſo that by this means the goodneſs 
of air may be diſtinguiſhed much more accurately 
than it can be done by putting mice, or any other 
animals, to breathe in it. | 

This was u maſt agreeable diſcovery 10 me, a 
I hope it may be an uſeful one to the public; 
eſpecially as, from: this time, I had no occaſion for 
ſo large a ſtock of mice as I had been uſed to 
keep for the purpoſe of theſe experiments, uſing 
them only in thoſe which required to be very de- 
ciſive and in theſe. caſes I have: ſeldom failed to 
know n 
affected. iu 

rp Spine eee, 
air is unfit for reſpiration, this ſame teſt is equally 
applicable. Thus there is not the [leaſt effervel- 
cence. between nitrous: and fixed-air;-or inflamuna- 
bie air. ot ang Apries of diminilbad in- Alſo the 


3 „A3 | degree 
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degree of diminution being from nothing at all 
to more than one fourth of the whole of any quan- 
tity of air, we are, by this means, in poſſeſſion of a 
prodigiouſly large ſcale, by which we may diſtin- 
ee ee eee in the . 
neſs of air. 
, T have en in wh ey this 3 
having uſed this teſt chiefly for greater differences; 
but, if 1 did not deceive myſelf, I have perceived 
a real difference in the air of my ſtudy, after a few 
Leben ee ee ©, (60d 0p Gr"68 
the out fide of the houſe. 

By means of this AI able: $9: deter 
what I was before in doubt about, viz, the kind as 
well as the degree of injury done to air by candles 
burning in it. I could not tell with certainty, by 
means of mice, whether it was at all injured with 
reſpect to reſpiration ; and yet if nitrous air may 
be depended upon for furniſhing an accurate teſt, 
it "muſt be rather more than one third worſe than 
common air, and have been diminiſhed by the 
ſame general cauſe of the other diminutions of air. 
For when, after many trials, I put one meaſure of 
thoroughly putrid and highly noxious air, into 
the fame veſſel with two meaſures! of good whole- 
ſome air, and into another veſſel an equal quantity, 
viz. three meaſures of air in which à candle had 
burned. out; and then put equal quantities of ni- 
99 N 26d q 2  trovs 
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trous air to each of them; nee 
——— than the former. 165 Able 303 
It agrees with chis obſervation, ir in which 
a candle has burned is farther; dimminiſned both by 
putrefaction, and a mixture of iron filings and ſul- 
phur ; and, I therefore take it for granted, by every 
other cauſe of the dimimution of air. It is pro- 
bable, therefore, that this, air is air ſo, far Joaded 
with phlogiſton, as to be able to extinguiſh a 
candle, which it may n dem ze a fully 
ſaturated. on 0 8. n 2698 1 Dk 
. havitecne nereilitcin ning 
air to be a teſt of the fitneſs of air for reſpiratian. 
Any other proceſs by which air is diminiſhed, and 
made noxious, anſwers, the ſame .purpoſe. Liver 
of ſulphur for inſtance, the calcination of metals, 
or a mixture of iron filings and brimſtone will do 
Juſt the ſame thing; but the application of them 
is not ſo eaſy, or elegant, and the effect is not ſo 
ſoon perceived. In fact, it is phlogiſfon that is the 
teſt. If the air be ſo loaded with this principle 
that it can take no more, which, is ſeen, by its nor 
being diminiſhed in any of the proceſſes. aboye- 
mentioned, it is noxious; and it is wholeſome in 


proportion to the quantity of phlogiſton that it is 
able d leer. B 7 5 fa 1 1 29040 | | 


: « rt 


This, L have no doubt, is che trbe theo f the 
dingen of comma ar by cine ag} 
ran Aa 4 
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tube, 1 wade che mürtures over night, 
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nels of the appearance being nothing more than 
the uſual colour of - the ſumes of ſpirit of nitte, 
which is now diſengaged from the ſuperabundant 
phlogiſton with which it was combined in the nitrous 
air, and ready to form another union with any 
thing chat is is at hand, and capable of it. 2519 
I found, very that a confiderable 
difference would be made in the dimenſions of the 
mixture of air by a circumſtance in the manner of 
mixing them that one would not readily ſuſpect, 


and I was not at firſt able to account for it. My 


uſual method, as I have obſerved in the Introduc- 
gon, has been to mix equal meaſures of nitrous 
and common air in a low jar, and then to transfer 
Jong. What 1 obſeryed is, chat I could make a 
difference of frye hundred parts of a meaſure by 
making the air run up che long tube quickly or 
flowly. The more Mlowly' jt aſcended, the leſs | 
it occupied. To aſcertain whether ic depend- 
14 nity api e ee uf ule engl 
Much longer together in che wider veſſel, or in 
which it was poured into the 
and tranſ- 


Seed chem into" the -gradumed -tube the ner 
morning; but I ſtill found the ſame difference, 
upon the circumſtance aboye-mentioned, 


depending 
* bus been obſeryed der dee, that agi- 
tation 
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tation brings 1 mixture of common air and nitrous 

air into much jeſs. compaſs: than a. mixture of 

them without agitation. - The: difference is indeed 

very great, and therefore ſhould always. be men- 

tioned, But in this caſe there was noproper agitation; 
The fact above mentioned, I now conclude aroſe 

from what remained of the nitrous air, not decom- 

poſed. in the mixture, being diminiſhed by : paſſing 

through ſo much ſpace of water, which is mort ex- 

poſed to its influence in a flow than in a quick paſ- | 

ſage. But I own I ſhould not have ſuſpected that 5 

nitrous air would have been diminiſhed ſo very much 

by being ſimply poured from one veſſel of water 

into another, if 1 nne 

eee HOWE: * I 

822 mtaticy afaicy| which 4-kake 1 

to be thoroughly phlogiſticated by the putrefaction "Sy 

of fiſhes, wick an equal quantity of nitrous air, I 

transferred the mixture into my graduated tube: 

when, inſtead of occupying two whole meaſures, 

as I had expected, they only occupied .1.95 mea · 

ſures. Suſpecting that the five hundred parts of 4 

| meaſure which had diſappeared had been abſorbed 

by the water, I poured the air back again into the 

wide jar; and transferring it once more into the.gra- 

duated tube, found it to be only 1.8 meaſures 3 

and pouring it about ten times backwards and ſor- 
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wards, without any unneceſſary agitation, it was re- 
duced to 1.6. Having ſtood in water all night, I 
meaſured it again the next morning, when I found 
it to be 1. 5; e eee ee erg it 
mani 1. 31547 

I chen poured tue hnmdares of [nitrous air a 
dom wide jar into the | graduated tube, and 
found that — anni 
Portion than the former mixture. WE 

In applying the teſt of nitrous air, I have lately 
preferred equal meaſures of-nitrous and of common 
air, or of any air which may be conjectured à priori 
to be nearly in the ſtate of common air, in order 
that there might be phlogiſton enough to ſaturate. it 
entirely; and if the remaining nitrous air was not 
affected by water, this method would be perfectly 
unexceptionable ; and with due precaution, it is 
not liable to much objection. But the moſt accu» 
rate method would be to uſe no more nitrous air 
than the air to be examined is able completely to 
. decompoſe. But then it cannot be known before 
hand how much this is. Perhaps, in order to guard 
againſt the inconvenience above mentioned, it might 
be moſt adviſeable, in common caſes, that is; when 
the air to be examined is about the ſtandard of 
common air, to uſe omething leſs than an equal 
n of nitrous air, but more than one half, . 
0 which 
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which was the n Nee ee . 
eien 

I rather ſuſpect den oed nitrowi air . 

with common air, in a greater proportion than is 
requiſite to the complete ſaturation of the common 
air with phlogiſton, the ſuperfluous nitrous air is 
more diſpoſed to be abſorbed by water than pure 
nitrous air, It appears, however, that, in no great 
length of time, ſuch mixtures are brought to the 
fame dimenſions as if only half the quantity of ni- 
trous air had been mixed with the common air. 
This, I think, may be inferred from an experiment 
which I made to try the difference between 54 and 
freſh mage nitrous air, both having been made in 
the ſame manner, and, I believe, Having berufe 
ginally of equal ſtrength. _ 

October 25, 1777, I mixed equal quantities of 
the ſame common air with equal quantities of the 
old and freſh made nitrous air. What ſpace they 
occupied at that time, and in ſeveral ſubſequent pe- 
1700s, is repreſented at one view, as follows : 


With the old nitrous air. With the new, | 


/ IP 
Nov. 10, ' 1 n 0:93 ; 
, ata. La 4 
Feb. 2, 1778, Org 00% tgp 


The laſt is one fifth leſs than the original bulk 
Wr common air, „ very near to 
the 
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| the n dnn l the diminution of common air 
by any proper phlogiſtic proceſs. An accident pre- 
vented my obſerving this progreſs any farther. 


ieee 


SECTION u. 
f. the Impregutin of W ater with nitrous Air. 


H ING, among 3 kinds of air, expoſed 
a quantity of nitrous air to water, out of 
which all air had been well boiled, in the experi- 
ment to which I may more than once refer (as 
having been the occaſion of ſeyeral new and impor- 
tant obſervations) I found that nineteen twentieths 
of the. whole was abſorbed. Perceiving, to my 
great ſurprize, that ſo very great a proportion of this 
kind of air was miſcible with water, I immediately 
began to agitate a conſiderable quantity of it, in a 
jar ſtanding in a trough of the ſame kind of water ; 
and, with about four times as much agitation as 
r it was ſo far abſorbed by the wa- 
ter, that only about one fifth remained. This re- 
4 Fs mainder 
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meinder TY flame, and Was noxions to 
AA rere 1 eee: Aa n ems 0 
of nitrous'eir'to ont eighth of its original bulk, and 
ſmell, and diminiſhed common air à little. A 
mouſe alſo died init, but not ſo ſuddenly as it would 
have done in pure nitrous air. In this operation 
the peculiar ſmell of nitrous air is very manifeſt, 
the water being firſt impregnated with the air, 
and then reg We ir to the” common. WR 
ws an DST W EK? 
eee the: hint uf bp 
nating water with nitrous air, in the manner in 
which I had before done it with fixed air; and 1 
about one tenth of its bulk of this kind of air, and 
that it acquired a remarkably aſtringent taſte from 
it. The ſmmell of water thus impregnated is at firſt 
peeuliarly pungent. I dic not chuſe to ſwallow any 
ol it, though, for: any-thing that 1 know, it may 
ee ne wh in 3 
- This kind of air is en vity eating by 
water. In an exhauſted receiver a quantity of water 
thus ſaturated emitted a whitiſh fume, ſuch as ſpme+ 
CTRL of this air when it is firſt 


en 
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generated, and alſo ſome air- bubbles; but though 
it was ſuffered to ſtand a long time in this ſituation, 
it ſtill retained its peculiar taſte; but when it had 
ſtood all night pretty near the fire, the water was 
become quite vapid, and had depoſited a filmy kind 
of matter, of which I had often collected a conſider- 
able quantity from the trough in which jars con- 
taining this air had ſtood. This I ſuppoſe to be a 
the nitrous air was generated. I have not given ſo 
much attention to it as to know, with certainty, 
in what circumſtances this depoſit is made, any more 
than I do the matter depoſited: from inflammable 
air above-mentioned ;' for I cannot get it, at: leaſt 
in any conſiderable quantity, when I pleaſe; whereas 
I have often found abundance als, when a 
„ ere 0 1 1 % 

The nitrous air with which vals the firſt in 
of water was extracted from copper; but 


= I made the impregnation with air from quick- 


filver, the water had the very ſame taſte, though 
the matter depoſited frorn it ſeemed to be of a 
different kind; for it was whitiſn, whereas the 
other had a yellowiſh tinge. Except the firſt quan- 
tity of this impregnated water, I could never de- 
prive any more that I made of its peculiar. taſte, 
ng 1 | in 


SF; II. NITROUS: Alte:  3a& 
in phials with their mouths open, and ſometimes. 
very near the ne, without WT, . NN 


in it *. 111 ; 19 89 OY? e Gn:  Arpret oy 
ln ths. Ede 3 zepte Linda, 
quantity of diſtilled water wich nitrous air produced 


from biſmuth, and it happened to ſtand tan days, 
or a fortnight, in the phial in which the impregnation 
was made, the e nitrous air wine fn, 
ſuggeſted by Mr. Bewly, not to admit — 
air to this nitrous air in contact with the water, I 
very carefully, and as quickly as poſſible, ſlipped a 
ſmall funnel into the mouth of the phial, in the in- 
ſtant that I turned it upſide down; and immediately 
I filled it up with ſome. of the water in the baſon in 
which it had been inverted, fo. that the nitrous air, 
in its eſcape mixed with the common air, and was 
decompoſed, on the outſide of the phial, and not 
within it. I have forgotten with what particular 
view I had made this impregnation, but I had no 
expectation of the reſult, till, obſerving it the day 
following, I found that it had depoſited a conſider- 
able quantity of very white matten, and that the was 
ter did not retain the leaſt ſenſible degree of acidity; - 
act even turning he ures turnſole red. a 


= 7 ine fark Gang: that — enn 


from the water, which has been impregnated with it, by long e 
poſure 97 be aig: 


Le | | experiment 
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experiment 1 1 w__ but al- 
ways without ſucceſa. 

At one time, in 1 0 to weaning e tie 
precipitate- from water/impregnated with nitrous air 
was different according to the metal made uſe of in 
procuring the air, I impregnated three quantities of 
diſtilled water with nitrous dir, of which one was 
procured from b;/marh; another from copper, and a 
third from iron, each in an eight ounce phial. In 
all theſe caſes the water imbibed about one ſixth of 
its bulk of this air; and when the impregnation was 
completed, I, as quickly as poſſible, and in the 
manner deſeribed in the laſt mentioned experiment, 
filled all the phials with water from their reſpective 
baſons. But very little depoſit was obſtrved fbr 4 
conſiderable time, and the water in all the phials 
turned the juice of turnſole red. This impregna- 
tion was made on the 28th of May, and the depoſie 
having been made gradually, and a8 far as I could 
obſerve equally, the quantity of it was, in the be- 
ginning of October, pretty conſiderable; but til 
not more than half of hat was depoſited in the 
firſt mentioned experiment. In all the phials, alſo; 
| the colour of the depoſit was the ſame; viz. a dark 
brown. The water alſo in them all was ti} 
acid, but not, J think, in fo great a degree as 4 


a EY | [4 


Imagining 
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- Imagining that the difference might depend upon 
the time that the ſuperfluous nitrous air had re- 
mained upon the ſurface of the water (during which 
I had never obſerved any depoſit to be made 
J let ſeveral of theſe inipregnatioris remain a fort-' 
night, arid ſome more than a month, before I in- 
verted the phials ; but ſtill the depoſit was made as 
flowly as before, and was always of a browniſh co-' 
lour. In ſome caſes ew bode YT incon- | 
fiderable\” $54,660 $9) ; 
When mand dud waies/ bet l ph into 
an exhauſted receiver, and thereby expelled from it 
all the air that I could, very little more depoſit was 
made than there would have been if no air had 
been extracted from it. Alſo whether the phials 
containing the impregnated water were cloſely ſtoßp- 
ped; or left quite open, there was no differetic® 
with reſpect to the depoſit. - 11.5 ny 
I imagined that I ſhould have ak: £ddn- | 
ſiderable quantity of this depoſit by decompoſing a 
large quantity of nitrous air, which I did by means 
of common air, in a ſmall quantity of water. But 
though I repeated this proceſs till the water was be- 
come exceedingly acid, it made no more depoſit | 
in a few days than would have been made from wa- 
ter ſimply impregnated with nitrous air. One phial 
of this. water. I put under an exhauſted receiver: 
but though, by this means, a conſiderable quantity 
Vor. J. B b of. 
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of is ws diſcharge! lune . i. mt 20 e. 851 
poſit than the reſt. 

Imagining that the acid which av this 
water might prevent the. depoſit from being made; 
eſpecially as in the firſt experiment, in which the 


depoſit was fo conſiderable, the water did not re- 


tain. any ſenſible acidity, I put a little cauſtic alkali 
| to the impregnated water; but no viſible effect fol- 
lawed from it. To prevent all acidity. as much as 
poſſible, I did not always depend upon my addreſs 
in applying the fannel, in the manner deſcribed 
above,, but I let out the ſuperfluous nitrous air in a 
trough of the ſame water that. had been -impreg- 
nated with. it, ſo that it was impoſſible for it to be 
in the leaſt affected by the decompoſition of it with 
0 common air. But ſtill the reſult w 
different from what it had been in che other caſes io 
which this precaution had not been taken. 
Mr. Bewly has very welb obſerved, that that Ki- 

ity of water impregnated with nitrous air which ig 
fenſible to the taſte, is given to it by the decompoſition 
of the nitrous air in contact with the impregnated 
water; but I, have found, that a. ſight degree of 
- acidity, not indeed ſenſible to the taſte, but diſ- 
coverable by the: juice. of turnſole, is always com- 
municated to water by its impregnation witł nitrous 
air. For if a phial be filled with water tinged blue 
wich the juice of turnſole, and then the nitrous air 
N | | | 9 


/ 


, r WT 
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de adnlined'ti to it, and agitated in it; in order to pro- 
mote the imnpregnatioti; à change of colour wilt 
preſently be perceived in the water. But rain water 
fo ienpregnatetl (the ſupetftuous air being let qut un- 
der water) retains fo little acidity, as hardly to he diĩſ- 
covered by mixing it with other water tinged blue. 

once imagined that nitrous air might poſſibly 
undergo ſome change in its conſtitution in conſe- 
quence of its being imbibed by water; and for ſome 


time I always expelled a proportion of fixed air along 


with the nitrous, from water ſo impregnated ; but 
by uſing the following precaution I diſcovered my 
miſtake, I carefully pumped all the air out of a 
quantity of rain water, letting it ſtand twenty four 
hours in a very good vacuum, and then impreg- 
nated it with nitrous air; when, immediately ex- 
pelling all that I could of it by the heat of boiling 
water, I found no part of it fixed air, but all pure 
nitrous air, though not more than one fourth of 4 5 | 
quantity that had been imbibed by it. 
1 wiſh 1 could have given my * abc | 
faction with reſpe&'to this depqſt mate: by nitrous 
air but though I have given more attention to it 


than perhaps to any other ſubject relating to air, 1 


have nor hitherto» ſucceeded to my wiſh: Perhaps 
I may be more fortutiice | hereafter, / I age Brie 
doubt; however, but that this: precipititg oonfiſta of 
te ealx of the meral, by the iffolucive of whirh 

i Bb 2 ; >" 
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the nitrous air is procured, and the white colour of 
the firſt depoſit from biſmuth«may ariſe from a leſs. 
portion of phlogiſton adhering to it than to the 
brown precipitates. But what I want is a method 
of making the precipitate. at pleaſure, that 2 quan- i 
tity. might be procured for a careful examination, 
and that the proportion of it, ina gran quenticy of 
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TRA w water would imbibe- a certain | doen 
of nitrous ait, 1 diſcovered pretty early; but 
that oils would: do it, and efpecially in ſuch-aprodigi- 
qusquantity, and ſo very rapidly, as I afterwards found 
they do, I did not ſo much as ſuſpect at the time of 
my laſt publication; and the experiments will ſhew | 
that the decompoſition is effected by means of the 
affinity which oils, and eſpecially the eſſential oils, 
are known to have with the nitrous acid, or its baſe. 
| | ,* =_ 


T at c 
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For it is evidently Wen w Ws nitrous air that 
they.imbibe. = 

: Having ſeen foie reuſe to en what would 
be the conſequence of admitting nitrous air to oil 
of turpentine, from what I had obſerved in my im- 
pregnation of oils with the nitrous vapour, as will be 
ſeen hereafter, I filled a ſmall glaſs jar with oil of 


turpentine, inyerted in à baſon of the fame ; and 


on expelling that fluid by filling it with nitrous | 
air, IL 6bſerved that, without any agitation, the ni- 
trous air was diminiſhed ſo faſt, that in about fix 
rs three fourths of it quite diſappeared. What 
remained extinguiſhed a candle, being, in all re- 
ſpocts the ſame with phlogiſticated air, or that to 
which" nitrous air is reduced by iron filings and | 
britniſtone, long n in Cos and other 5008 | 
ceſſes.” 17 * : 
When I agitated ni nitrous air in oil of curpenthne; 
it was abſorbed quite as readily as fixed air is ab- 
ſorbed by water; but the quantity of nitrous air 
that oil of turpentine will imbibe is vaſtly greater 
than quickie fied Hp hes een 


0 receive. We 1 


| What is the nt in this caſe 1 cannot tell; br 
throwing away the refiduum, which could not be 
imbibed by oil of turpentine (which was generally 
about one fourth of the whole, the fame as in the; 
PO with iron filings and. brimſtone) [ made a 

B b 3 | quantity. | 


the oil became of a very deep orange, and, ſepa - 
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quantity of this oil imbibe, at different times, eleven 


times its bulk of nitrous air, and with very great 
eaſe, even at the laſt; but not quite & readily 8 at 
the firſt, 

During this proces, the al, dum bag "and 
mri, preſently became of a light, orange colour, 


and then hada yellowiſh caſt, and was a little glu- 


tinous ; but towards the end of the proceſs part of 


rating from the reſt, ſunk to the bottom of | the veſ. 


ſel. It muſt have been the nitrous acid formed by the 


nitrous air, and the acidifying principle of pure air, 


contained perhaps in the oil of turpentine; and it 


would probably have decompoſed more nitrous air, 
till che whole of it had been converted into this 
thick orange coloured maſs ; which is the ſame 
thing, as will be ſeen in its proper place, with 
this oil after it has been fully impregnated with ni- 
crous Vapour, 

1 endeavaured.to expel air from the ol of turpen- 
tine which had imbibed ſuch a quantity of nitrous 
air, but though I applied a conſiderable degree a 
E. no air came from it. 

Willing to know the laſt fate to which the i im- 
pregnation with nitrous air would bring oil of tur- 
pentine, I put a ſmall quantity of it into a thin 
phial, ballancing it ſo that it would ſwim upright 
in mater; and — i006 WINE 
0 nitrous 
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nitrous air ſtanding ih water. It abſorbed, in all, 
two thirds of itz at firſt very ſlowly, but afterwards 
more rapidly; the water riſing more in one day 
than it had done in ſeveral days before, and the 
whole proceſs laſted a week ; after which part of 
the oil of ' turpentine was become orange coloured 
and thick, ſinking to the bottom of the phial, but 
' the change of colour was made at the ſurface. Af- 
| ter about ten days. I-took-it our bf this jar, and put 
it into another jar of freſh nitrous ait, when it began 
to abſorb: the air very faſt; _—_ imbibed about 
one fourth of it in one night. Wits: 

Seeing no other bee de, the change of 
the oil of turpentine into this dark orange coloured 
maſs, I at length diſcontinued the proceſs, and ex - 
poſed the ſubſtance I had procured to the open 
air, when it becarne gradually thicker; till, in a 
month or ſix weeks, it :/became."almbſt us hard as 
glue. The inſide of the jar in wich this expe- 
riment was made was nearly covered witli ſmall 
ſpecks of the ſame glutinous orange coloured mat- 
ter; the impregnated oil having, no doubt, been 
exhaled, and having ſettled on the ſides of the 
glaſs, where, the more limpid part being evaporated, 
the reſt became of ws n above men- 
tioned. S 
I alfo made — il of rarpenine im- 
bibe nitrous acid from hitrous air, by ſaturating 
"BD 4 * with 
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with it the common air in the phial in which it 
was contained. It preſently became very ' hot; 
was firſt green, and then of an orange colour, and 
parts of it becoming very thick and glutinous, 
ſunk to the bottom, exactly as the oil of turpentine 
which had imbibed the nitrous air in the preceding 
proceſs, or the nitrous vapour. N. B. Aſter I 
had made ſome progreſs in this operation, it went 
on very rapidly. For immediately after I had ap- 
plied the bladder of nitrous air to the phial, it 


ruſhed into it, and all the nitrous air was decom - 


poſed in a few ſeconds. 1n this circumſtance, alſo, 
there is a remarkable reſemblance between the 
two - proceſſes; the decompoſition of the nitrous 
air in both caſes not having been effected ſo ee 
dg ee ee, ebene 2 5 

; Ether has the ſame power of abſorbing nitrous 
air that oil of turpentine poſſeſſes. Having filled 
a phial with ether, and inverted it in a baſon of the 
ſame, I introduced a quantity of nitrous air into it, 
in the ſame manner as I had done to the oil of 
turpentine ; and preſently found that, with a very 
little agitation, three fourths of it diſappeared, and 
the: remainder poſſeſſed no nitrous property. - 

Willng to ſee the whole effect of nitrous air, 


upon ether, I introduced a ſmall quantity of it into 


a large jar of nitrous air, in the ſame manner as 
W 


at | mentioned 


\ i : ; a 
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cd eee For ſeveral days air kept 
bubbling out at the bottom of the jar (the effect 
of ether on all kinds of air, as I have ob- 
ſerved, being to increaſe, and almoſt double the 
whole quantity of it) hut aſter this time the air in 
the jar began to be diminiſhed, and the water to 
riſe in it, the phial containing the ether always 
ſwimming on its ſurface. But at the end of the 
proceſs, which continued about three weeks, one 
third of che air in che jar remained. After this I 
perceived no alteration in its quantity: but, letting 
it remain a fortnight longer, I examined it, and 
found the ether very much diminiſhed in quantity, 
though not changed in its appearance; but it did 
not evaporate on being expoſed to the open air 
as ether does. What was moſt remarkable was, 
| that the vitrous air had loſt hardly any thing of 
its peculiar property of diminiſhing common air. 
Bur it may be ſuppoſed that there was not a quantity 
of ether ſufficient to produce any conſiderable, - 
change in fo large a quantity of nitrous air; and 
the reaſon why what remained of the ether, after. 
this experiment, did not evaporate, might be, that 
the exhalation of the water within the jar had mix- 
ed with it, and diluted it very much. * - 

Olive otl, likewiſe, imbibes nitrous. air, but not. 
rapidly, perhaps about half as faſt as water imbibes. 
fixed air without agitation ; which makes very 
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little difference in the caſe of nil, on account of its 
viſcidity, and conſequently its not being much 
divided by that operation. By long ſtanding, a 
quantity of olive oil ambibed dd the whole of a 
8 of nitrous air. 1 

Ove oil, by which e of died ab ld 
been confined in a phial ſeveral months, had ab- 
ſorbed alrnoſt the whole of it, and that part of the 
oil which was contiguous to the air was coagulated 
in lumps, as if it had been frozen, and remained 
2 long time at the top of the oil. But afterwards; 
being looſened, I ſuppoſe, by the warmth of the 
weather, it all funk w/the ne as the n- 
always does. 8 1. 

This property of diminiſhing nitrous alt is hot 
peculiar to oils. It is likewiſe found in can/tic 
alkali, though not in the ſame degree. Imagining 
that the preceding oils ſeized upon the acid of 
nitrous air, and thereby decompoſed it, I thought 
that alkalies, having the ſtrongeſt affinity with acids, 
eauſtic alkaline liquors, fixed and volatile, muſt 
have the fame effect; and the experiments ſeemed 
to verify my conjecture. - Having put a quantity 
of nitrous air to a phial of cauſtic fixed alkali, im- 
merſed in a baſon of the ſame, I obſerved that, 
in the ſpace of three days, and without agitation, 
o much of it had been abſorbed, that not more 
than one fixth of the quantity remained, and after 
vis ; fix 
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the days about ce iſe eee 
lt 00259792 bidde un dak 
An equal quantity e aliall; in ſonar 
clrcurnandes; inbibed;avthe- ſine Eme; buckle 
of the ' nitrous air. But at another time, aſter 
waiting about a week, I obſerved that a quantity 
of it had abſorbed about one chird of à ſmall 
quantity of nitrous air on had . ee e 
een * „ #1114. 72018 #11 
2 Ar uncifiar time 1 enk "REY 3 
fixed aal abſorbed almoſt the whole of about 
one fourth of its bulk of nitrous air; ſor the re- 
mainder could not be more than one twentieth 
t. But when a phial was quite filled withnis 
trous air, and placed with its mouth in a baſon 
of. the fame fluid, amen en rec {© 
flowly, 

— uf :agabilua I Fe en h 
quanticy of fixed cauſtic alkali imbibe its bulk of 
nitrous air, I obſerved: that the colour of it was 
not in the leaſt ſenſibly changed; alſo it had no 
more effect upon iron than it had before this proceſs. 

Cauſtic alkali had no ſenſible effect either on 
common or inflammable air, though only a ſmall 
quantity of theſe kinds of air was kept in con- 
tact with a large quantity of this liquor abou 
week. 

Ar'vhe ben ume der L fh egen Aub 
air to oil 2 J, in the func manner, 


brought 3 
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brought it into contact with ſpirit of wines, and at 
that time the abſorption, without agitation, ſeemed 
to be' almoſt as conſiderable as that with the oil of 
turpentine. But though this fluid imbibed the ni - 
trous air very faſt at the firſt, it was ſoon ſaturated, 
which is not the caſe with oil of turpentine. By 
repeating the proceſs ſeveral times, I made a 
quantity of ſpirit of wine imbibe its bulk of ni- 
trous air. But aſter this it received more ait 
with great difficulty; and though I did not urge 
it to the utmoſt, I do not think that it would 
have taken much more. No change was produced 
in the appearance of the ſpirit of wine, it being as 
tranſparent. as at. firſt ; and, what I thought a little 
remarkable, it did not affect the juice of turnſole 
in any other manner than ſpirit of wine always 
does. The application of heat to the ſpirit of wine 
thus impregnated did not expel any air from it, 
any more than it had done from the oil of e 
tine impregnated in the ſame manner. 

In order to compare the abſorption of nitrous 
air by ſpirit of wine and by oil of turpentine, I 
filled. two cylindrical glaſs veſſels, nine inches in 
length, one with oil of turpentine, and the other 
with ſpirit of wine, inverting them in baſons of the 
ſame. Then, expelling the liquors, I filled them 
both completely with nitrous air, and obſerved that 
in leſs. than a day the oil of turpentine. had ab- 
ſorbed three fourths of its air, while the | ſpirit of 


wine 


1 
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wine dad net riſen im the! jar: more than” three: 
quarters of an, inch, and it never advanced any 
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nee! i 28 28s I. bios woman, 20 0 . LS) 55505 
s nleröus air is liable to be . | 

1anyi ſubſtance that has ul ear afinity! 2 we 
Wk its pfllogiſton, or witk any other of its chn- 1 
ſtituent parti it / as natural c think'of trying tile 
effect: of the ſeveral ad, wüch are Known! to 

have 2 chnſidlerable affinity wich phlogiſton- Ac- 
cordingly, about the ſame time that I made the 
experiments deſcribed in che laſt ſection, I con- 
| veyed a quantity of nitrous air into phials previouſly 
filled with the vitriolit; nitrous and marine acids; and 
it preſently appeared that all of them got phlo- 5 
giſton from this air; bur'the quantity of it 'which 
the nitrous acid decumpoſed / che quickneſs of the 
1 the effect of it upon the nitrous hr 
LLLYN elt, 
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idelf, were appearances that 1' viewed with aftoniſhs 
ment, having ha&-no:expeRation'sf afly ſuch: reſult'p 
and ſeveral good chemiſts of my acquaintance have 
expreſſed no leſs furprize at them than myſelf, 
though theſe facts will appear leſs extraordinary, 

when it is conſidered d how very ſtrong is the affinity 
between this acid and phlogiſton. This, how- 
ever, is perhaps a more evident proof of thg'pecu- 
liar ſtrength of this affinity than oor. other fact 
that chemiſtry has hitheftb furniſſid. 

Having, in all the other caſes, had occaſion to 
agitate chüs ſpecies of air im the fluids which ]! 
expected to abſotb ti the moment that I intro- 
duced this air to the nitrous acid, I was, as uſual, 
beginning: to agitate cit a but with the leaſk motian 
che prone. Oo was al moſt. inſtentanecus, being:nearly | 
2:quick 3s the abſorption. of acid ar Alkcaline air 
by; waters and the quantity of nitrdus air that f 
very ſmall propartion f chis acid! is able to de- 
wee. OY abhoſtexceeds 
belief, ar 21 9 od vis U Nn 

F inding this 1 wath-ingacdy 3 had no 

occaſion to introdueg the, air: into phials. previoudy 
filled with. nitrous acid, in the mannen in which I 
had dong: weich reſpeft. to other: fluids, but only 
lle the Phials with nitrous! air, and covering the 
mouths of them Vith my finger, placed them in- 
verted in a baſon of the acid, when tht abſorption 
Mz; would 
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would inſtantly: comrhence} and the fluid; without 
any agitation, would riſe gradually and viſibly; Alliche 
| greateſb part of the air diſappeared: | Making he 
experiments in this manner b-obſerved' that tie 
upper part of the acid, on which the nitrötus air 
teſted, became ee e n and then of 
à green colour. (494973 Maker 
In order coobſervis the ball ee of a 
on a given quantity. of ſtrong nitrous: acid, I filled 
a ſmall phial with it, and then introduced it through 
the water into 4 large jar . previquſly filled with 
nitrous air, and ſupported the phial in ſuck a man. 
ner, as. that the water could never riſe; ſo high as 
to get into it. In theſe cireumſtances, the ſurſuce 
aſ the liqour, which was at firſt of a pale yelloa 
preſenciy aſſamed a. deep orange colour, and be 
quantity of air ahſorbed wa indeed very great: 
I was fo much ſtruck width this experiment, th! 
E repeated it very often; andi the following is a 
diiſtinct recital of all the: remarkable appearuncet 
attending ont of them, hit ſelect from the 
reſt,” as: [ noted them more minutely —— 
| * proceſs of the kind. np ts In: 
- Having” filled a phial, containing ey a. 
e of four pennyweights-of water, with c a 
ſtrong pale yellow ſpirit of niere] with its mouth 
quite cloſe to the top of a/*pretty large receiver; 
1 in waren, I . 
1 the 
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the common air, and then filled it with nitrous 
air; and as "this. was abſorbed,” I kept putting in 
more, till, in leſs than two days, r e 
amen 100 ma eee h of © 
en affomad x deep omnge- colour, and. 
when twenty or thirty ounce meaſures of air were 
abſorbed, it began to be ſenſibly green at the top; 
and this green kept deſcending lower and lower, 
till it reached the bottom of the phial. Towards 
the end of the proceſs, the evaporation of the acid 
was perceived to be very great; and when I took 
it out, the quantity was found to have been dimi- 
niſhed exactly one half: for there remained no 
more than the quantity of two pennywrights of 
water. Alſo it had become, by means of this 
proceſs and the evaporation together, en 
weak, and was rather he than green. 

- The: phial of ſpirit of nitre in this Sn 
was ſupported by an iron wire, rifing from a flat 
piece of | braſs; and having at one time filled the 
receiver quite full of nitrous air, ſo as to leave 
the whole ſtand quite bare, I obſerved that great 
quantities of air iſſued from them; the moiſture 
on their ſurface rendering this effet very apparent, 5 
This muſt have been an additional quantity of ni- 
tous air, produeed by the nitrous vapour which 
—— "S Wn. 
| the 
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che decompoſition of the nitrous air, and muſt be 
conſidered as having been abſorbed by the acid in 
the phial, beſides that which. I threw into it. How 
much was the amount of this additional quantity 
of nitrous air, decompoſed by the acid, 1 in the phial, 
1 cannot certainly tell; but ſhould gueſs, from the 
circumſtances, that it. could not be leſs than twenty 
ounce meaſures ; which, added to the 130 above- 

mentioned, makes the whole quantity abſorbed to 
have been 150 ounce meaſures. Beſides, I with- 
deer the. phial befare the abſorption had. quit 
ceaſed... 

wo inother time 1 was determined that the ai 
trous acid ſhould continue in nitrous air till it could 
not... poſſibly abſorb. any more of it, in order to 
obſerve what the acid itſelf would become after 


being fully ſaturated with phlogiſton in this man- 


ner, and when it had at the fame. time exhaled 
as much as. it could of its own acid in thoſe cir- 
cumſtances. The conſequence was, that, in four 
or five days, when the proceſs terminated, the acid 
was become of a very light blue colour, and, as in the 
former caſe, was reduced to half its dimenſions; 
ſo that the evaporation of the acid in this confined 
ſituation ceaſes before it becomes quite tranſparent, 
| as it does by long expoſure to the open air, though / 


it i is very poſſible, that a much Jonger continuance, 
1 Cc even 
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8 in theſe circunitinces, would have the fame 
elfe 

The above- mentioned Epe were made 
with the ſtrongeſt yellow ſpirit of nitre. When ! 

xpoſed to the nitrous air a quantity of Vue fpirit 
of nitre, the air was abſorbed, but by no means in 
1⁰ great a quantity as by the other acid; and che 
Turface of this acid became of à deeper blue in 
theſe circumſtances. Had it been continued longer, 


it would, 1 ſuppoſe, have returned to a lighter 


blue by the eväporation of its Acid; in which ſtate 
it would have loſt its power of attracting philogif- 
ton from the Hitrows Air, ds in tlie Hit mentioned 
experiment. The nitrous air Which had been ex- 
| rg to this blue ſpirit of nitre bras diminiſhed 2 
Uttle by freſh nitrous ar. 

Having obſerved tlie change thir tock place in 
mitrous a by means of ſpirit of nitre, I was de- 


fro of Kridwing whether the Tpirit of nitre in 
Wich it Was #girated 4c red or Ie firengih'; 


"When T ſoon foüfid that, in conſequence of getting 
"more phlogiſton, its power of diſſdlving metals 


e diminiſhed, thoilgh t in be Sen that dle 


acid muſt have been weakened a little in the courſe 


of the 3 SITY 
In order to effect thy purpoſe, I er fla \ 
HE 'the Hitrous acid, * 1 


r EF, 


—— . EET rr 


\ of 


ds. 


after the 


\ decompoſed nitrous air, hy depriving it of its phlo- 
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and of a pale yellow colour; and placing it invert- 
ed in a baſon of the ſame, I introduced to it, by 
metins ef a bladder, a quantity of nitrous air; and 
when the acid had abſorbed as much as it could 


of this, I threw out the reſiuum of phiogiſticatd - 
air; and filling it up again with ſpirit of nitre from 


the farhe baſon, 1 Kerben ic rich name mes, 
air. 


Net 0 r e 


anddbſervidtharby theprotefithe acid became very 


brown, and ſmoking ; in conſequence, no doubt, 


of having acquired phlogiſton from the nitrous air. 


during the proceſs (thaugli I made it as expedr- 
tiouſſy as I poſſtbly could) muſt haye weakened 
che acid à little, and alſo che end of a wet iglak 


tube (though I never failed to wipe it as well 2 


1 odulc) being dipped into it every time that I 
2 more Wy muſt om pra 
little more. N „ boncknog '7 


Obſerving the readineſs 3 


giſton, I had the curioſity to try ho fur the agi- 


' atidn. ef a quantity of this air in firong ſpirit of 


aide would depurate it; and it Was not without 


Ce 2 8 ſurprize 


proceſs, I found that it was become weaker 
in the proportion of five and a half tofſeven. | It 
muſt de obſerved, However, that the evapordtion 


- _- * = 
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| ſurprize that 1 found: that, when this proceſs had 
| continued but a very ſhort time, the air had be- 
come ſo far pure by the loſs of its phlogiſton, 
that two meaſures of it and one of freſh' nitrous 
air occupied the ſpace of two meaſures and two 
thirds. I then tried the effect of this | proceſs 
on air phlogiſticated by nitrous air, and found 
that this alſo was b pa en 5 this 
In both Weh ed ths ale ene Ge) Ges big 
Jo pure as to be fit for: reſpiration; but that 
any kind of air ſhould be reduced by this proceſs 
to a ſtate that is at all vierter than perfectly phlo- 
giſticated, - will appear extraordinary, when it is 
conſidered, that, notwithſtanding the affinity there 
is between this acid and phlogiſton, yet that the 
vapour of it never fails to impart phlogiſton to 
common air, ſo as to deprave it conſiderably. In 
ſeveral caſes I have obſerved that common air 
thus expoſed to the influence of nitrous vapour 
| ſpace of time. Ie daa fem. that the deen 
acid, when combined with water, has a ſtronger 
„ eee neee 
of vapour, free from water. | 
The effeft of oil of vitriol, and ſitit of ſalt, 
on nitrous) air is by no means ſo remarkable as 
e eee 
22 ſufficiently 
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evident chat both theſe mineral acide 
cee e, fn kn . a. 
e 922 

Oil of vitrio imbibes ien ects ond 
air as water can do, and requires about the ſame 
degree of agitation, or rather more, to effect it. 
Two thirds of the quantity of the air admitted 
to about four times as much of che acid was im- 
bibed, and the oil of vitriol, which was before 
quite colourleſs, aſſumed a beautiful purple hu. 

Spirit of ſalt imbibes nitrous air very lowly, 
and in a ſmall quantity ; but by this ſmall impreg- 
nation, from being of a light ſtraw colour, it be- 
came of a beautiful ſky blue, very viſible when 
held up to the light. The quantity abſorbed was 
about one twentieth of its own bulk, and one 
third of the nitrous air employed in the experiment. 
In order to- obſerve what proportion'of nitrous air 
a quantity of ſpirit of ſalt would abſorb with lng 
ſtanding, I ſuffered them to continue in -contat = 
in one caſe about two months ; and after that time 
about two thirds of the air, which was originally 
about one fourth of the bulk of acid, was imbibed ; - 
and I imagine that with' more time, ſtill more of 
the air will diſappear. 

Nitrous air was readily abſorbed without agita- 
tion Fo" water impregnated both with vitriolic acid 
1 air 
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ain and flucr acid air. Each took more than ita 
bulk, and not more than one twentieth part of the ni- 
would have been abſorbed I did not try. No 
change of colour was produced by the proceſs. 


N. B. Agitation only ſet looſe the vapour of: theſe 


acid liquors, and thereby increaſed the apparent 
bulk of the air, Theſe two kinds of acid ain im- 
bibing nitrous air in the ſame manner is an argu- 
ment for their being ultimately the fame thing. 
Both radical vinegar, and concentrated vegetable acid; 
abſorbed nitrous, air conſiderably. faſter than water. 
Of theſe acid liquors the former retained its trans- 
parency; ſor though, during the agitation it ſud- 


. denly; became of 2 turbid white, that change took 


Place on the accidental admiſſion of a bubble or 
tyo of common air, though I do not underſtand 


 The-concentrated vegetable acid aſſumed a dark pur- 
ple in conſequence of this impregnation, very much 


reſembling the oil of vitriol after the ſame proceſs, 


J 
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SECTION y. 
Of the antiſetic Power of nitrous Air. , 


T will — be thought, that che moſt ge 
if not the moſt remarkable, of all the properties 
of this extraordinary kind of air, is its power of 
preſerving animal ſubſtances from putrefaction, and 
of reſtoring thoſe that are already putrid, which it 
poſſeſſes in a far greater degree t than fixed air, My. 
firſt obſervation of this Was altogether caſual, 
Having found nitrous air to ſuffer ſo great a di- 
minution by a mixture of iron filings and brim- 
ſtone, I was willing to try whether it would. be 
equally diminiſhed by other. cauſes, of the diminu- 
tion of common - air, eſpecially. b Puttefaction ; 
and for this purpoſe I put a dead mouſe into a 
quantity of it, and placed it near the fire, where 
the tendency to putrefaction was very great. In 
this caſe there was a conſiderable diminution, viz, 
from five and a quarter to three and a quarter; 
but not ſo great as I. had expected, the antiſeptic 
power of the nitrous air having checked the ten- 
dency to putrefaction; for when, after a week, I 
| ; CC 4 took 
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e e to my very great 
ſurprize, that it had no offenſive ſmell. x ich 
Upon this I took two other mice, one of them 
juſt killed, and the other ſoft and putrid, and put 
them both into the ſame jar of nitrous air, ſtand- 
ing in the uſual temperature of · the weather, in the 
months of July and Auguſt of 1772; and after 
twenty five days, having obſerved that there Was 
little or no change in the quantity of the air, 1 
took the mice out; and, examining them, found 
them both perfectly ſweet, even when cut through 
in ſeveral places. That which had been put into 
the air when juſt dead was quite firm; and the 
fleſh of the other, which had been putrid and ſoft, 


was ſtill ſoft, but perfectly ſweet. 


In order to compare the antiſeptic power of 
this kind of air with that of fixed air, I examined 


a mouſe which I had incloſed in a phial full of fixed 


air, as pure as I could make it, and which I had 


corked yery cloſe, But upon opening this phial 
in water about a month after, I perceived that a 
large quantity of putrid effluvium had been gene- 
rated; for it ruſhed with violence out of the phial ; 
and the ſmell that came from it, the moment the 
cork was taken out, was inſufferably offenſive. In- 
deed Dr. Macbride ſays, that he could only reſtore 


very thin pieces of putrid fleſh by means of fixed 


I once 
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I once thought that if a little pains were taken 
with this ſubject, this remarkable antiſeptic power 
of nitrous air might poſſibly be applied to various 
| uſes, perhaps to the preſervation of the more deli- 
cate birds, fiſhes, fruits, &c. mixing it in different 
proportions with common or fixed air, and eſpeci- 
ally that anatomiſts might perhaps avail themſelves : 
of it; but Mr. Hey, who made the trial, found 
that, after ſome months, various animal ſubſtances 


were ſhriveled, and did not preſerve their natural WE 


forms in this kind of air. 1 57 
I have made a few experiments, in order tu aſcer- 
tain whether it be poſſible to derive any advantage 


from this property of nitrous air for culinary pur 
Poſes. But I cannot ſay that my obſervations have 


been very favourable to it in this reſpect. Nitrous 
air will, mdeed, preſerve fleſh meat from putre- 
faction; but after long keeping in this manner it 
becomes very offenſive, both to the noſtrils, and the 
palate, though the ſmell is not altogether that of 

putrefaction; and indeed the ſubſtance continuing 
quite firm, it could not be properly putrid. Though - 
theſe experiments were not quite fair, becauſe the 


nitrous air had not been renewed ſo often as it ought 

to have been, ſeveral of the e may ye 

worth mentioning. - [2 
On the 28th of April 17775 1 put two. „ pigeons: 


into two jars of nitrous air, juſt wide enough to 
- 7" >* "0 
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contain them, with, about as much nitrous air in 
© the, jars, as the bulk of the pigeons. © From this, 
time tall the 4th of June following, I had renewed 
che nitrous air but once, and then, taking them out, 
1 found them both free from all ſmell of putre- 
faction. One of them was broiled, when the fleſh 
Was found to be feet, but it had not the natural 
taſte of the Pigeon, and was, on the whole, unplea- 
fant... The fleſn was quite red throughout, and a 
Uittle harder than that of a pigeon generally is. The 
water contained in the cups, in, which the jars with 
the pigeons had ſtood, had generally been very of- 
ſenſw-e, ſo that it ſhould ſeem that the putrid efflu- 
vium (containing, probably, much phlogiſton, and 
perhaps the. molt nutritive part of the fleſh) had 
paſſed through the nitrous air, and the Water, ind 
the ſurrounding atmoſphere. 

J replaced the pigeon that was not uſed, and let 
it remain, along with two others which had been 
kept the ſame time, till the 1 3th of September fol- 
lowing, in all, near ſix months, or the whole ſum- 
mer ſeaſon ; but I had not a RY 9 UE 
the air very often, though I did it two days before 
I took them out the laſt time. The pigeons had 
now certainly a very bad ſmell, though their fleſh 
was firm, and ſo were even the bowels of one of 
them which had not been drawn. When they were 
aries they were much more offenſive, and had a 

e 
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reſembling it. ——— p 


_ and-exclufive. of the ſmell had. little or na 
taſte, My friend, Mr. Magellan, who was wich me 
at the preparation of them, ä 
nion of this piece of cookery as I hac. 
Ou the 166) ef Mae e hk Ne 
air a large wood pigeon; and taking it out on the 
x8th of June following, obſerved tkat it had a ſtrong 
Though a very great part of the air had been 'ab- 
mination. it had not been ſupplied with freſh air, 
as it had been occaſionally. before, the air to which 
it had been expoſed all that time dinginiſhed com- 
mon air quite as much as freſh made nitrous air. 
It was this obſervation that gaue me the firſt ſuſe 
picion of the manner in which nitrous air is dimi- 
niſned in this and in other proceſſes. Having te- 
placed the pigeon in the jar, I found on the 7th of 
Auguſt following, that the air was but lightly ni- 
trous, and on the 22d- of the ſame month it was 
mere phlogiſticated air. After this I neglected to 
attend to it, and at laſt threw it away. Whether, 
in this proceſs, the nitrous air ever comes into a ſtate 
in which a candle will burn in it, or not, I cannot 
tell. Phe experimen ix a very unplealing og and 
nnn . ng bun bie 
- I 5 | In 0 
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In all theſe caſes the fleſh was kept a long time, 
viz. through the ſix ſummer months; and though. 
Ss dr — meat in a ſtate fit for 
eating ſo very long, it may poſſibly anſwer the pur- 
poſe for a few days tolerably well, as it will certainly 
reſtore meat that has begun to turn yo One 
trial of this kind I did make. 

On the 14th of June 1777, I took arſon which 
had been killed a week, and which had been pur- 
poſely kept till it was offenſive; and putting it into 
a jar of nitrous air, obſerved that the air began im- 
mediately to be abſorbed, and on the 16th I took. 
the fowl out, when it had no ſmell of putrefaction 
at all; but when it was boiled, though myſelf and 
ſeveral other perſons taſted of it, and perceived no-. 
ane wick's fine final!" thet came . 

of the fowl, when we held it to our noſtrils. Per- 
haps it had not been expoſed to CON 
long enough. 

Though part of this air had been abſorbed, the 
remainder diminiſhed common air quite as much as 
any freſh made nitrous air. 

On the ſubject of this ſection I ſhall 44 is 
Dr. Millman having been ſo obliging as to inform. 
me that he had found that Bile is prevented from 
becoming putrid much longer by being impregnated: 
with fixed air, than it could otherwiſe be; | Was. 

deſirous 
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deſirous of trying what effect the impregnation with 
nitrous air would have upon it. Accordingly, on 
the 19th of February 1777, I impregnated a quan- 
tity of ox bile, with which he ſupplied me with 
nitrous air; when, from being viſcid, it preſently 
became limpid like water, and aſſumed a browniſh 
hue, without depoſiting any thing that I could per- 
ceive. This bile continued perfectly ſweet till the 
the 20th of March following, when it was packed 
up, along with other things, and removed from 
London into the country. Examining it ſome time 
afterwards, I found it had contracted a ſmell of pu- 
trefaction, and on the 23d of April, it was quite 
putrid. The ſame brown colour continued, but 

it had depoſited ſomething of a whitiſh colour. 
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1** be binde df al kind of a e common 
air; in a trough of water which hid been putrid, 
but which · at chat time ſeemed to have recovered its 
former ſweetneſs (for it was not in the leaſt degree 
offerifive to the ell) a pheriomendn ſometimes. 
occurred, which for = long ime. ber tro ow 
lighted and pnzzled ine. 

When the dimination efiitie air us 3 com- 
pleted, the veſſel in which the mixture was made 
began to be filled with the moſt beautiful white 
fumes, exactly reſembling the precipitation of ſome 
white ſubſtance in a tranſparent menſtruum, or the 
falling of very fine ſnow ; except that it was much 
thicker below than above, as indeed is the caſe in 
all chemical precipitations. This appearance conti- 
nued two or three minutes. | 

Afterwards, having (with a view to obſerve whe- 
ther any cryſtals would be formed by the union of 
volatile alkali, and nitrous air, ſimilar to thoſe form- 
ed by it and fixed air, as deſcribed by Mr. Smeth 
in his" Diſertation on fixed ir) opened the mouth 


vgs 


Pearance cotttittid Wos: Hire, and den neden 
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of a PR Which Wis Palf ANA With a VORRAE nls 
Fine Hquör, in k JAr'FhittGts Str, 1 had am APE 
ance Which Perfectiy explamed the preceding. N 
that part of the phial Which Was above theliqfiidy, 
And Whith 'ebritamed crfnHon r, Was led With 
bexvtifol While touts,” as if ſome fine White" owRer 
dad Been ffftantiy UhitowWn into dt, 4d Torrie of Wieſe 
doads roſe Withih'the Jer of iitrois r. Tl af 


Upper, tlie air becotrirmg tranſparetie. 

Winch the Pit, Ya Wkbofite & W ti 
corrurion Air, it there ud Became tüfbid, Ad On 
After the CO Wl Tetürecd. Winodddhe it 
again into tHe nitrous air, the douds appented W 
before. In this manner the White fufries And trad. 
areticy facteeded ach other alternittly, 4s Often 
ks T Uhioke to Teßeat the Experitrtent, And watla;4d 
UGiibr, habe Ebhtiritiea Till che air in the jar had ech 
HdroWNy Alluted with *eottiinidn ar. Thee 2p 
ces were the Tarhe with ny fabric thi 

oped aue ah, fn br feld. 

When, Intent! &f cle ſohalt Phil, I ae cg 
And tall Hals jar, this appearamoe was 'trifly fine 
kriking, eſpecially when the water in the freugb W 

Very tatifpatenr, For J had Gftty to put the fil 
eſt drop of a volatile alkaline Hquor, or the 
Pit of the Xohd Pit, into the Jar, and the #hothent 
WE miotith of it was opened this r ot rift 5 


air, 
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air, the white clouds above mentioned began to be 
formed at the mouth, and ' preſently deſcended to 
the bottom, ſo as to fill the whole, were it ever fo 
ani er,. | 1 
In conſidering this experiment, I ſoon perceived o 
. muſt have been occa- 
fioned by the mixture of the nitrous and common 
air, and therefore that the white clouds muſt be 
nitrous ammoniac, formed by the acid of the nitrous 
air, ſet looſe in the decompoſition of it by common 
air, while the phlogiſton, which muſt be another 
conſtituent part of nitrous air, entering the common 
air, is the cauſe of the diminution it ſuffers in this 
proceis; as it is the cauſe of a ſimilar diminution, 
in a variety of other proceſſes. , _ | 
In diverſifying this experiment, I found that it, 
appeared to very great advantage when I ſuſpended * 
a piece of volatile falt in the common air, previous 
b incloſing it in 
a bit of gauze, muſlin, or a ſmall net of wire. For, 
preſently after the redneſs of the mixture begins to 
go off, the white cloud, like ſnow, begins to de- 
ſcend from the falt, as if a white powder was ſhaken | 
out of the bag that contains it. This white cloud 
© preſently. fills the whole - veſſel, and the appearance 
will laſt about five minutes. 
oh If the ſalt be not put to the mixture of theſe two 
ae A bes perfectly recovered its tranſ- 


parency, 
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parency, the efferveſcence being completely over, 
no white cloud will be formed; and, what is rather 
more remarkable, there is nothing of this appear- 
ance when the ſalt is put into the nitrous air itſelf, 
The reaſon of this muſt be, that till common air 
be admitted to the nitrous, no acid is formed, to 
unite with the alkali, and make the nitrous am— 
moniac. 

_ Having gerſerally faſtened the ſmall bag which 
contained the volatile falt to a piece of braſs wire in 
the preceding experiment, I commonly found the 
end of it corroded, and covered with a blue ſub- 


ſtance. Alſo the ſalt itſelf, and ſometimes the bag 


was dyed blue. But finding that this was not the 
caſe when I uſed an iron wire in the ſame circum- 
ſtances, but that it became red, I was ſatisfied that 
both the metals had been diſſolved by the volatile 
alkali, or the acid. At firſt I had a ſuſpicion that the 
blue might have come from the copper, out of which 
the nitrous air had been made. But when the ni- 
trous air was made from iron, the appearances were, 
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SECTION VII. 


Keplanation of fome Phenomens attending the Solution 
„ of Metals in nitrous Acid. 


> hy the Abe of fixed air in calcareous fub- 
ſtances threw new light upon many pheno- 
mena in chemiſtry, in like manner the diſcovery of 
every other kind of air, and indeed of every proper- 
ty of any of them, muſt throw light upon thoſe 
proceſſes in which they are concerned. Not being 
a profeſſed chemiſt, and attending only to ſuch ar- 
ticles in that branch of knowledge as my own pur- 
ſuits are particularly connected with (though theſe 
neceſſarily grow more various and extenſive conti- 
nually) ſuch. illuſtrations of chemical proceſſes are 
not ſo likely to occur to me, as they are to others, 
who by their profeſſion give a general attention to 
every thing within the whole compaſs of chemiſtry, 
Such, however, as I have had occaſion to attend to, 
and which COR CT OY EEO c 
ſhall not fail to mention. 


There 
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There are many facts relating to the ſolution of 
edule ine nine; which could not have been 
underſtood without the knowledge of nitrous air ; 
and yet, though ſeveral of them are very remark 
able, I do not find that even the phenomena them- 
ſelves, and much leſs the difficulties attending the 
ſolution of them, have been ſo much as noticed. 
I am perſuaded, however, that an attention to the 
nature of this remarkable kind of air will contribute 
greatly to the inveſtigation of the conſtitution of 
the ſeveral metals, and the explanation of many 
phenomena attending their nnn and con- 
ſequently their compoſition. 

Having had frequent occaſion to diſſolye mer 
cury in ſtrong ſpirit of nitre, in order to procure 
from it nitrous and dephlogiſticated air, and to note 
the quantity of the metal revivified afterwards, I 
could not help being very particularly ſtruck with 
e beer eee mer mann 
lows. | 

eee een ind coritef lee en 
upon quickſilver, the ſolution is inſtantly very rapid. 
But though it is known that ont method of procur- 
ing nitrous air is by the ſolution of this metal in the 
nitrous acid, not a ſingle bubble of any kind of air 
is ſeen to be formed; at leaſt none riſes through the 


acid. Preſently, however, one may perceiye, that 
| Dd 2 | yery 
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very large bubbles of air are formed, but they in- 
ſtantly diſappear, and nothing remains of them but 
the ſmalleſt ſpecks imaginable, to riſe to the top of 
the acid. By degrees, the acid near the mercury 
becomes of a deep orange colour, and then through 
this part of the acid the bubbles of air aſcend freely; 
but the moment they come to the ſuperincumbent 
pale coloured acid, they collapſe into thoſe ſmall 
and barely perceiwable points, yielding no air that 
can be collected in any ſenſible quantity. And it is 
not till the whole quantity of the acid is changed 
from a pale to an orange colour, that any nitrous 
air can be collected. Then, however, the bubbles 
riſe freely to the top of the acid, and, mixing with 
the incumbent common air, exhibit an orange co- 
lour by their decompoſition on mixing with it, 
Then, alſo, a ſtrong ſmell of ſpirit of nitre is per- 
ceived, as it always happens when nitrous air is let 
looſe to mix with the air of the room in which we | 
are breathing. Whereas, immediately before, no 
ſmell was perceived, and.the common air incum- 
bent on the mixture was quite colourleſs, 

Had theſe: ſingular phenomena been noticed by 
any chemiſt before the diſcovery of nitrous air, I 
cannot imagine what hypotheſis he would have 
formed for the explanation of them. Whatever it 
had Wwe it muſt have been * wide of the truth; 
| | whereas 
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whereas the whole proceſs admits of the eaſieſt ex- 
planation imaginable by the help of my obſervations 
on the e ar of nitrous air by the nitrows 
acid. 32407 -$013-38 4 
- Nitwoud-air" 3s achnlly firmed! whe moment that 
hs ſolution begins, but it is inſtantly decompoſed | 
by the ſtrong ſpirit of nitre in cntact with it By 
the addition of the phlogiſtom eoſtained in the ni 
trous air, the pale ſpirit of nitre aſſumes an 
colour, and it is then much leſs able to decompoſe 
the nitrous air; which, therefore, riſes in bubbles 
through it, and is not decompoſed till it comes to 
the region of the pale acid lying upon it, But 
when the whole body of the acid is ſaturated with 
Phlogiſton, then, and not before, the bubbles of ni: 
trous air paſs freely through it, and may be collected. 
On this account, it is not eaſy: to aſeertain the 
exact quantity of nitrous air yielded by the ſolution 
of mercury, and, for the ſame reaſon; of other me- 
tals too, in ſtrong ſpirit of nitre; becauſe allo w- 
ance muſt be made for the quantity that will be 
imbibed by the acid itſelf, which muſt be ſaturated 
before any can be collected; whereas, when the acid 
is much diluted with water, it is not ſo capable of 
decompoſing this air, and therefore, in general, it 


may be collected from the moment that che deen 
_— 


It 
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It is very remarkable, chat when Copper is diſ- 
een. ſpirit of nitre, even diluted wich much 
water, though the ſolution is evidently. the moſt ra- 
pid at the firſt, the produce of air is very trifling for 
a conſiderable time, and the quantity collected in- 
creaſes very gradually; whereas when the orange co- 
loured acid is employed, in the ſame diluted ſtate, 
the nitrous air is collected immediately, and the 
anden whe: mot copiousnt the firſt - 2 

When I diſſolved a quantity of copper ens 
| ſpirit of nitre half diluted with water, no air what- 

ever was produced, r e e 
| ly diſſolved. 11 
Whben, in the ſolution of mercury, I uſed the 
eren wie of nitre, inſtead of the pale coloured 
and ſtrongeſt acid, the phenomena were not ma- 
terially different from thoſe deſcribed above. The 
lower part of the acid next to the mercury aſſumed 
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SECTION I. 
Miſcellaneous Properties of nitrous Arr. 


1. Of the freezing of Water impregnated with nitrous 


HAVE ak obſerved, that water diſcharges all the | 


fixed air it had imbibed the moment that it is 
converted into ice. The ſame is the caſe with wa- 


ter impregnated with nitrous air, as appears by the 
following experiment, made with a view both to this 
circumſtance, and alſo to the earthy precipitate depo- 


ſited by water thus impregnated. 

Having impregnated a quantity ef water wir 
trous air, I expoſed it to the froſt, and obſerved that 
it did not freeze, quite ſo ſoon as a quantity of- the 
ſame water which had not been ſo impregnated, ex- 
| poſed in the ſame manner. The ice of the impreg- 

nated water was full of very ſmall bubbles, and 
when it was thawed did not turn the juice of turnſole 


red in the ſmalleſt degree. It alſo made a conſider- 
I able 


* 
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able precipitate of a very white matter, exactly like 
that which I procured from the water impregnated 
with nitrous air from biſmuth. "This nitrous air, 
however, had been procured from copper. 

Having expoſed to the froſt a quantity of water 
which had been a long time before impregnated 
with nitrous: air, and which had ſpontaneouſly de- 
poſited a browmſh ſediment, it now AER more 
of the ſame 1 ; 


— 


2. 92 the om of a "Moen f nitrous and in- 
| | Me. 5 v1 op 


F 


1 with a green flame. This makes a very 


pleaſing experiment when it is properly conduct- 


ed. As, for ſome time, I chiefly made uſe of 


cgpper for the generation of nitrous air, I firſt aſcribed 
this circumſtance to that property of this metal, 
by which it burns with a green flame; but I was 
preſently ſatisfied that it muſt ariſe from the ſpirit 
of nitre, for the effect is the very ſame from which 


. ever of the metals the nitrous air is extracted, all 


of which I tried for this purpoſe, even ſilver and 
gold. When a candle is extinguiſhed, as it never 
e n eee a 

I little 


KF. VIII. (NITROUS AIR. | 409. 5 


little enlarged at its edges, by another bluiſh flame 
e OHIO CEE AFR Ox 5s 


+ Of Plas and Animal i nrous Air. 


Plants die very ſoon, bath in nitrous ar, pn” 
in common air faturated with nitrous air, * . 
cially i in the former. 

This kind of air is as noxious as „ 
mouſe dying the moment it is put into it; butfrogsand 
ſnails (and therefore, probably, other animals whoſe re- 
ſpiration is not frequent) will bear being expoſed to 
it a conſiderable time, though they die at length. 
A frog put into nitrous air ſtruggled much for two 
or three minutes, and moved now and then for a 
quarter of an hour, after which it was i taken out, 
but did not recover. 

There is ſomething remarkable in the effect of - 
nitrous air on inſes that are put into it. Waſps 
always died the moment they were put into the ni- 
trous air. I could never obſerve that they made 
the leaſt motion in it, nor could they be recovered 
to life afterwards. This was alſo the caſe in general 
with ſpiders, flies, and butterflies. Sometimes, how- 
ever, ſpiders would recover after being RP . 
about a minute to this kind of air. 


Ee e 
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4. Of the He of nitrous Air in Clyſters, + 


Conſidering how fatal nitrous air is to inſects, 
and likewiſe its great antiſeptic power, I conceived 
that conſiderable uſe might be made of it in me- 
dicine, eſpecially in the form of chyſters, in which 
fixed air had been applied with ſome ſucceſs; and 
in order to try whether the bowels of an animal 
would bear the injection of it, I contrived, with 
the help of Mr. Hey, to convey a quantity of it 
up the anus of a dog. But he gave 1 manifeſt ſigns 
of uneaſineſs as long as he retained it, which was 
a conſiderable time, though i in a few hours after- 
| wards he was as lively as ever, and ſeemed to have 
fuffered nothing from the operation. | 

Perhaps if nitrous air was diluted either with | 
common air, or fixed air, the bowels might bear 
it better, and ſtill it might be deſtructive to worms 
of all kinds, and be of uſe to check, or correct, pu- 
trefaction in the inteſtinal canal, or other parts of 
the ſyſtem. I repeat it once more, that, being no 


phyſician, I run no riſk by ſuch propoſals as theſe ; 


and I cannot help flattering myſelf that, in time, 
very great medicinal uſe will be made of the ap- 
onion of theſe different kinds of air to the animal 


ſyſtem. 
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ſyſtem. Let ingenious Phyſicians attend to this 
ſubject, and endeavour to lay hold of the new han- 


die which js now preſented them, before it be ſeized 
by raſh emperics ; who, by an indiſcriminate and 


injudicious application, often ruin the credit of 
things and proceſſes, which might otherwiſe make 
an uſcfyl addition to the materia and ars medica, 
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